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LESSON I. / ^y 

((SSEOTION OF A RABBIT AND OF ty^QQ. 



Is the foUowiDg, Qie descriptions in large type apply more particularly 
to the rabbit, but the general dirootiona for dissection serve aieo 
(or the dog: aome points in which the two animala differ, and 
Bome wliich ftre better seen in the dog, are printed in email type. 

A, 1. Make a median incision through the skin, down 
the whole length of the front of the body from 
the neck to the pubis, and reflect the skin as far 
as possible on both sides. 

In dissecting a female rabbit note, just under- 
neath the skin, the thin arborescent mammary 
glands, one to each mamma. 
2, Observe the thin, pale, abdominal muscles. 
It ia bett«r to dissect out the individual mus- 
cles in the dog as below, but the dissection 
may be done on the rabbit. 

In the dog observe 

a. The tendioous aponeurosea of the abdominal 
muBclea forming in the middle line the livaa 
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b. The obliqutis extemtis abdominis, a thin muscle, 
with descending fibres ; it arises from the ribs 
by separate bundles, from the back by a broad 
tendon and runs to the linea alba and to the 
pubis. 

c. The recti abdominisy one on either side of the 
middle line, covered by the tendon of the exter- 
nal oblique. 

If 6 be carefully reflected, there will be seen under- 
neath: 

d. The intemua obliquiis abdominis, with ascending 
fibres, it arises from the pubis and lumbar 
fascia and runs to the linea alba and lower ribs; 
and underneath this 

e. The Pransversalis abdominisy it arises from the 
, lower ribs, the dorso-lumbar fascia and the 

pubis, and runs to the linea alba. 

3. Lift up the abdominal wall and cut it through 
in the middle line from the sternum to the 
pubis, being careful to avoid puncturing the 
intestine. From the middle of this cut make 
transverse cuts nearly as far as the spinal 
column. Hook or pin back the four flaps. 
Simply turning the parts over without cutting 
or tearing anything, trace out as far as possible 
the alimentary canal, noting the narrow oeso- 
phagus entering into the stomach about the 
middle of its concave upper portion, the pyloric 
end of the stomach placed on the right side and 
continuous with the small intestine which is 
not distinctly divisible into duodenum, jejunum 
and ileum, the large dark thin-walled caecum 
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having a shallow spiral constriction around it, 
the rather thick-walled, light coloured appendix 
proceeding from the end of the ciecuin, the 
lar^e intestine of much smaller diameter than 
the ciECum, much puckered in the first part of 
its course, lijss puckered in its median portion, 
and becoming soon quite smooth and passing 
without change into the rectum. The latter 
part of the large intestine and the rectum usually 
contain balls of fseces. 

Trace out the mesentery which supports the 
intestine ; observe its continuity with the peri- 
toneum or membrane lining the abdominal 
cavity, note the manner in which the blood- 
vessels run in it. 

Observe in the dog the loose fold of mesentery 
loaded with fat, hanging from the lower border 
of the stomach and forming the great omentum. 
Observe the spleen, an elongated dark red body 
lying near the broad end of the stomach to 
which it is attached by a mesenteric fold (gastro- 
splenic omentum). 

Turn the stomach over to the left', gently stretch 
out the duodenum and observe in the mesentery 
belonging to it, the diffuse, pale-red pancreas ; 
trace the entrance of the pancreatic duct as a 
pale thin band into the duodenum : this occurs 
rather more than a foot below the pylorus, where 
the duodenum turns back on itself to form a loc^. 
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In the dog the pancreatic duct is close to the 
entrance of the bile duct (see § 14). 

Observe the mesenteric lymphatic glands, 

small greyish white lumps, more abundant 
in the duodenal mesentery than elsewhere. 

7. Turning the stomach and intestines over to the 
right side observe the dorsal aorta^ and inferior 
▼ena cava lying close together in the median 
line, trace the aorta upwards to the point where 
it descends through the diaphragm, tearing 
through the mesentery as little as is consistent 
with tracing the aorta. 

8. Note the right suprarenal body, small, ovoid 
and yellowish white, lying close to the aorta, 
carefully tear away the connective tissue above 
and medially of this and note the solar plexus 
consisting of three or more greyish semi-trans- 
parent ganglia connected by bundles of pale 
nerve fibres. Into the laterally placed ganglion 
runs the main branch of the splanchnic nerve, 
trace this up alongside the aorta, as far as the 
diaphragm. 

9. Note the caBliac artery given off by the aorta 
a little below the diaphragm, and the superior 
mesenteric artery given off somewhat lower 
down, possibly underneath the suprarenal body, 
and a little farther down, the renal artery, run- 

^ When an arteiy and a vein ran together, as here, they may be 
distingnished by the artery having thicker walls and contammg less 
blood than the vein ; the artery too has generally a blnish- white tiat 
whilst the vein has generally a dark red tint with a tinge of blue. 
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ning to the hilus of the kidney : note the renal 
vein running parallel to the renal artery inta 
the vena cava. Follow the superior mesenteric 
artery a short distance and observe the branches 
given off to the pancreas, these are more easily 
seen when the intestines are turned to the left. 

10. Tearing through the mesenteiy around the 
lower part of the oesophagus, observe the right 
and left pnemnogastric nenrea (cp. C §§ 17, 
24,) dividing into several fibres which spread 
out over the stomach. One or more branches 
may be traced to the solar plexus. Observe 
the number of pa!e nerves which are given off 
by the ganglia of the solar plexus; bundles 
of thena may be followed along the cteliac, 
mesenteric and renal arteries, 

11. Then turning the stomach and intestines over to 
the left aide, carefully tear away the mesentery 
over the aorta and note the right splanchnic 
nerve close beside it, trace the nerve on its course 
(being careful not to puncture the vena cava) 
past or underneath the right suprarenal body 
into a ganglion a little removed from the rest 
of the solar plexus. 

12. Lift up the stomach, and viewing from the right 
the mesentery below it, note the portal vein, 
a large vein dividing close to the posterior 
surface of the liver and running into it. This 
vein is formed by the union of the Ifeno-gattrlc 
and mesenteric velna, the former is much the 
smaller and joins the latter close to the liver; 
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follow for a short distance the course of the 
mesenteric vein, noting the small numerous 
branches received by it from the pancreas. 
Viewing the mesentery from the left side note 
the juncture of the splenic and gastric veins to 
form the lieno-gastric. 

13. Trace out the branches of the cseliac artery; it 
first gives off the splenic artery which besides 
giving off a row of smaller arteries to the spleen 
sends several branches to the greater curvature 
of the stomach and some small branches to the 
pancreas, it then gives off at short intervals 
branches to the lower part of the oesophagus, 
the stomach and the upper part of the duode- 
num and a branch, the hepatic artery^ which 
runs to the Uver. 

In the dog, pull the spleen downwards and to the 
left away from the stomach, a branch of the 
lieno-gastric artery will be seen sending branches 
to the spleen and to the greater curvature of 
the stomach ; the corresponding veins are best 
seen on turning the spleen over towards the 
stomach. Double ligature and cut through 
these vessels, pull the spleen downwards as 
before, a smaller branch of the lieno-gastric 
artery and vein will be seen; centrally of the 
lieno-gastric vessels will be seen two or more 
gastric and pancreatic arteries and veins. Pull 
the pancreas to the left over the spleen and 
note the junction of the lieno-gastric and me- 
senteric veins. Then pull the duodenum over 
the part of the pancreas previously showing and 
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note the fairly large veia from the pancreas 
and the upper part of the duodenum joining 
the previously mentioned vein to form tJie portal 
vein; note also the brancli from the cieliac 
axis dividing into the liepatio artery and an 
artery supplying the greater part of the 
pancreas and the upper part of the duodenum ; 
it then gives off liranclies to tlie lower part of 
the cesophagus and the Btomach and finally 
divides into two branches, one the /tepalic 
artery going to the liver, the other going to 
the lower part of the stomach and the upper 
part of the daodenum ^with branches to the 
pancreas). 

14, Turning the liver up towarda the diaphragm, the 
gall-bladder will be seen in a hollovr on the 
under surface of the posterior right lobe : trace 
the cystic duct or duct from the gall-bladder to 
the point where it joins the hepatic duct, 
proceeding from the liver itself; trace the united 
duct or common bile duct into the duodenum, 
close to the pylorus, 

13, Ligature the ossophagus and the rectum and cut 
through both, the former above the ligature the 
latter below it, Tiiming the intestine to the 
right, cut through the mesentery close to its 
abdominal attachment and remove from the 
abdomen the alimentary canal and its appen- 
dages except the liver. Observe now the posi- 
tion and form of the liver, especially in relation 
to the diaphragm, 

16, Pull the liver down from the diaphragm, 
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through the transparent tendon of the diaphragm 
the lungs will be seen in close contact with it. 
Puncture the tendon on the right side and note 
the collapse of the right lung as soon as air 
enters the pleural cavity. 

17. With the liver still pulled down, note the short 
hepatic Teiiis proceeding from the liver to join 
the vena cava inferior just below the diaphragm* 
Cut through the hepatic veins as close to the 
liver as possible and remove the liver. 

18. Cut open one of the hepatic veins and trace it 
in this way back into the substance of a liver 
lobe, owe on its iBBer surface the opening 
of numerous smaller veins ; cut through the lobe 
near its base, and try to distinguish the portal 
veins from the hepatic by the small bile duct 
and small thick-walled arteiy running alongside 
the former. 

19. Cut away the mesentery from the alimentary 
canal, and trace out the latter along its whole 
length, observing more fully the features men- 
tioned in § 3, and noting in addition one or more 
white patches (Peyer*s patches) on the free sur- 
face of the ileum, due to clumps of lymph-follicles; 
also note the connection of the csecum with the 
small and large intestine, the thin walls of the 
csecum and the thicker spotted walls of its 
appendix. 

Kote in the dog, the wider cesophagos entering into 
the stomach nearer the cardiac end than is the 
case with the rabbit; note also the shorter 
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length of the intestine, the small c 

the less difiereace between the large and small 
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The small intestine may be washed out by tying a 
funnel into the duodenuni, and letting water 
from a tap atream down the funnel. The large 
intestine may be similarly treated. 
Cut through the stomach along the lesser curva- 
ture, throw away its contents aud wash the 
mucous membrane. Note that the mucous 
membrane of the greater curvature is pale red, 
that of the pylorus is greyish-white and semi- 
transparent. The contrast is more marked 
when the whitish superficial layer of mucous 
cells is removed. 
The mucous membrane may be used to prepare a 

glycerine extract of pepsin (cp. Lesson xvi,). 
Wash out the duodenum, its inner surface has 
a velvety look which is characteristic of the 
mucous membrane of the small intestine; it is 
caused by the villi, examine these with a lena. 
Observe the openings of the biliary and pancrea- 
tic ducta, and carefully pass bristles through 
them into the ducts. 

Cut open a piece of the large intestine, wash it, 
and with a lens examine its inner surface ; it has 
no villL 

Note again the position of the suprarenal bodies. 
Note the position of the Mdneya, the left being 
much nearer the pelvis than the right ; observe 
on either side the ureter, a, pale semi-transparent 
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duct passing downwards from each kidney over 
the muscles of the back towards the middle line; 
trace them to their entrance into the urinary 
bladder. 

25. Trace out the renal artery and vein noted in § 9, 
follow them into the substance of the kidney. 
Divide one kidney longitudinally, note the single 
pyramid opening into the pelvis. 

26. In dissecting a female rabbit, observe the utenu, 
with its two comua, from each comu proceeds a 
Fallopian tube which taking a winding course 
upwards for some little distance ends in a clump 
of processes or fimbriae. Near the end of each 
Fallopian tube a little below the kidney will be 
seen a small, ovoid spotted body, the ovary. 

27. In dissecting a male rabbit, observe in each side 
of the lower part of the abdominal cavity a white 
convoluted tube the vas deferens. Cut through 
the symphysis pubis with bone forceps, stretch 
the halves apart and cut away as much bone on 
each side as may be necessary. Trace the vasa 
deferentia downwards cutting open the scrotal 
sacs; each vas deferens is continuous with a 
coiled mass of tubes, the epididymis^ attached 
to one side of the testis. Note that the smooth 
membrane, tunica vaginalis, lining the scrotal 
sacs is continuous with the peritoneum. 

28. Lay open the bladder^ observe its neck ending in 
the urethra, note the openings of the ureters into 
the dorsal part of the bladder and in the male 
the openings of the vasa deferentia near its neck. 



r 



DISSECTION OF A HABBIT AND OF A DOG. 

Make a median incision over the skull from the 
nose to behind the level of the ears. Reflect the 
skin on each side. Out away the attachment of 
the muscles of the neck to the occiput until the 
occipito-atlantoidean membrane between the 
occiput and the atlas is laid bare. Carefully 
divide this with scissors and observe the medulla 
oblongata. 

With a trephine saw through the roof of the 
skull in its broadest part, a little behind the 
orbits, working very carefully when the bone is 
nearly sawn through. With a lever raise the 
circular piece of bone and remove it. Then 
with the bone forceps cut away piecemeal the 
rest of the roof of the skull. 

Note the thickish membrane, the dura mater 
covering but not attached to the brain, it dips 
down between the cerebral hemispheres aa the 
falx cerebri and between the cerebrum and 
cerebellum as the tentorium; cut away the dura 
mater and observe the very thin vascular mem- 
brane, the pia mater, clinging to the surface of 
the brain. 

Make a rough sketch of the exposed cerebnim, 
cerebellum and medulla oblongata for com- 
parison with the same p^is in the dog. Note 
particularly that in the rabbit the cerebral 
hemispheres are smooth and that the olfactory 
lobes are directly in front of the cerebral 
hemispheres, being separated from them by a 
constriction only. 
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5. In the dog 

a. The dura mater is much thicker and the pia 
mater more obvious. 

h. The cerebral hemispheres have deep fissures. 

c. The pia mater dips down into the fissures, 
above the pia mater and bridging over the 
fissures may be observed the thin transparent 
arachnoid membrane, also distinctly visible as a 
covering to the pia mater at the base of tlie 
brain. In the space between the arachnoid and 
pia mater is contained the clear watery sub- 
arachnoid (or cerebro-spinal) fluid. A smaller 
quantity of fluid also exists between the 
arachnoid and dura mater. 

d. Compare the exposed surface with the sketch 
made of the surface of the brain of the rabbity 
noting the relative sizes of the cerebrum and 
cerebellum in each. 

6. With a scalpel divide the fi'ont of the cerebral 
hemispheres from the olfactory lobes. Lift up 
with the handle of a scalpel the extreme front of 
the cerebrum, and turning it backwards bring 
into view the optic nerves. Cut these through 
with a sharp pair of scissors close to the skulL 
Still turning the brain back cut through succes* 
sively all the other cranial nerves. A little 
behind the optic nerve is the small but evident 
third nerve (motor oculi), close behind this the 
considerably smaller fourth nerve (trochlear), 
farther back in the hollow behind the attach- 
ment of the tentorium lies the thick fifth nerve, 
to the median side of which the small sixth 
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(abducena) ia fairly conapicuoua. A little behind 
and to the outside of the fifth, in the hard 
petrous bone are seen together the seventh 
(facial) and eighth (auditory). Some distance 
back and nearer the middle line come the ninth 
(glossopharyngeal), tenth {pneumogastric), and 
the small eleventh (apinal accessory). Lastly, 
still farther back is the twelfth (hypoglossal). 
Cut through the spinal cord below the medulla 
oblongata, and remove the brain entirely. The 
outlying lateral portions of the cerebellum will 
probably be left in the skull. Do not injure the 
skull in attempting to get these out'. 

Cut and scrape away the tisane above the 
cervical vertebrte ; with bone forceps remove the 
arches of the vertebrse and cut them away at 
the sides piece by piece so that the spinal cord 
is well exposed. Pull the cord a little to one side 
and note the nerves running into it, one between 
each pair of vertebrte. Carefully cut through 
the dura mater and pull it up with forceps, a row 
of fine nerve fibres will be seen issuing fttim the 
spinal cord; they converge and form one bimdle the 
posterior root of the spinal nerve. Cut through 
these filaments, and pull the dura mater a little 
farther from the spinal cord; ventrally of the 
above set of fine nerve fibres will be seen another 
similar set which unite and form the anterior 



' The hntio may be jilaced in spirit to tinnieii and be dissected 
later : moet of the poiata of structure of the dog's brain given in Lesson 
iix. can olao be made oat on the rabbit's brain. 
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root of the spinal nerve. Observe carefully the 
roots on the outside of the dura mater, they join 
almost immediately forming the nerve trunk, on 
the posterior root at or a little before its junction 
with the anterior root note the swelling caused 
by the spinal ganglion. 



C. 1. Examine again the diaphragm (cp. A § 16). 
Observe the large central tendon, with the vena 
cava and oesophagus passing through and tightly 
attached to it. The muscular part of the 
diaphragm consists of a costal and vertebral 
portion. The former is attached by short 
tendons to the ribs and sternum. The latter 
is attached to the upper lumbar vertebrae ; it is 
a somewhat thick mass of muscle divided into 
right and left portions by the descending aorta, 
the right is much the larger ; the two form the 
pillara of the diaphragm. 

Pull down the diaphragm by its pillars, on its 
unpunctured side the lung will follow it. 

2. Observe the pectoral muscle proceeding from 
nearly the whole length of the sternum to the 
humerus, cut it through together with the 
vessels and nerves going to the arm and note 
its attachments. 

3. Several muscles will now be exposed, note the 
serratus anticus mivJor proceeding from the 
lower part of the internal border of the scapula 
to the 3rd to 9th ribs inclusive. Cut it through 
and reflect the parts. 
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Note tlie BcalenuB mediUB running from the 
neck to the upper ribs {2nd to 5th) ; cut this 
through where it is inaerted into the riha and 
turn it forward, the scalenus antlcus will be 
seen attached to the 1st rib at ita junction with 
the costal cartilage. 

The Beiratus anticiu minor running from the 
upper part of the internal border of the scapula 
to the lower cervical vertebra and lat and 2nd 
rib. 

The BerratUB postlcuB, a thin inconspicuous 
muscle proceeding by rather a long broad tendon 
from the cervical vertebrse and dorsal fascia. 
It is inseited into the 4 — 12Lh ribs about the 
middle part of their course. 
These muscles having been cut through the 
email scalenus posticus will be seen running 
from the neck to the 1st rib laterally of the 
scalenus anticus. The three scaleni originate 
from one or more of the transverse processes of 
the 4th to 7th cervical vertebne. 
Note the thick muscle the longUsimus dorst 
covering the ribs dorsally ; cut away this and the 
adjoining muscles and note the inconspicuous 
levatores costamm proceeding from the trans- 
verse processes of the dorsal vertebrse to the ribs 
below. 

Clear away all muscles and tendons attached to 
any two of the ribs (say 4th and 5th) escept the 
intercostal muscles joining them. Note the 
external intercostal muscle, the 6bres run 
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downwards and ventrally, and are absent between 
the costal cartilages, here the internal inter- 
costal muscle is seen; carefully remove the 
external intercostal, and so follow the internal 
intercostal towards the vertebrse ; the fibres run 
downwards and ventrally and near the vertebrad 
are scanty or absent. 

10. Observe more closely the costal cartilages and 
their connection with the ribs and sternum. 

11. The above mentioned muscles, especially the 
thuiner ones, should also be observed in the 
dog, where they are larger. There are some 
differences in arrangement. 
The pectoral has an upper portion which runs 
not to the scapula but to the humerus. 
The serratus anticua runs from the whole lengtli 
of the internal border of the scapula to the 
lower cervical vertebrw and first seven ribs. 
The origins and insertions of the scaleni are. 
somewhat different. 

The serratvs posticus is divided as in man into 
an upper and a lower portion (s. p. superior 
and s. p. inferior.) 

12. Cut through the costal cartilages on either side 
close to the sternum, cut through the muscles be- 
tween the 2nd and 3rd and the 8th and 9th ribs, 
with bone forceps cut through the 3 — 8th ribs 
dorsally and remove them. The pleural cavities 
will be seen to be separated from one another by 
the median parietal portions of the pleuroe^ 
between these is a space, the mediastinum. 
From the surfiice of the lungs a shred of a fine 
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membrane, the visceral portion of the pleura, 
may be torn ; note that at the base of the lungs 
this ia continuous with the parietal portion of 
the pleura attached to the wails of the chest 
and bounding the mediastinum. Note the 
position of the heart. 

13. In the mediastintim attached to the pleura note 
on either side the phrenic nerve distributed to 
the muscular fibres of the diaphragm. 

14. With fine forceps tear off the membrane over 
the phrenic nerve in the middle part of its 
course ; another membrane will be seen under- 
neath, outside of which the phrenic runs, this ia 
the parietal layer of the pericardium ; cut it 
through, the heart will be seen to lie in a bag 
formed by it. Remove the middle and posterior 
portions of the sternum. Trace the connection 
of the parietal layer of the pericardium with the 
covering of the heart and of the roots of the 
great vessels. 

15. Turning in the dog the heart and lungs over to 
the right, pull up the large aortic trunk, and 
note the almost transparent thoracic duct, 
lying alongside the (Eaophagus ; trace it up to 
itfi termination into the venous system (at the 
junction of the left jugular and left Eub-clavian 
vein, op. § 20). With a little care the thoraoio 
duct may also he traced in the rabbit. 

16. Prolong the median skin incision to the chin and 
reflect the akin as far as possible. Observe on 
L. 2 
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each side the external jugular vein arising an- 
teriorly from two branches : avoid puncturing it. 

17. Cut through in the middle line the thin super- 
ficial muscle (platysma); draw it to one side, 
clearing away the connective tissue. Lying on 
either side of the muscles immediately surround- 
ing the trachea will be seen the stemo-mastoid 
muscle (cp. § 28) diverging from the lower part 
of the neck. Cut through the connective tissue 
on the inner side of one stemo-mastoid and draw 
the muscle outwards; there will be seen the 
common carotid artery^ and, running along 
the outer side of this, the pneumogastric nerve. 
Free in one place the carotid, and lift it up with 
a hook. In the underlying connective tissue 
will be seen two nerves more or less closely 
united by tissue ; the larger is the sympathetlCj 
the smaller the superior cardiac (depresBor). 

18. Clear away the connective tissue from the artery. 
Draw the laiynx from the carotid by means of a 
hook to which is tied a string having a weight 
at the end. Passing over the carotid at the 
level of the larynx will be seen the descendens 
noni, a branch of the 12 th nerve. Cut this 
through and remove it entirely. Passing under- 
neath the carotid nearly at the same level is the 
superior larsrngealbranch of the pneumogastria 
Trace this with especial care; soon after it leaves 
the pneumogastric it will be seen to give oflfa small 
nerve, the depressor. Follow this down the neck, 
separating it from the sympathetic. Sometimes 
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origin, 

19. Kemove the first rib and the remains of the 
sternum, avoiding any injury to the tissues 
below. Observe the ttaymuf, a fatty looking 
body covering the roota of the great vessels. 
It may be torn away. 

20. Trace out on each side the junction of the 
external Jugular and subolavian Teins to 
form respectively the right and left venm 
cavs BuperioreB : near the junction ends the 
Internal Jugular vein, this brings blood horn 
the brain and may be traced from the foramen 
jugulare (cp. E. § 21) down the neck laterally of 
the common carotid and vagus. 

21. Observe the right vena cava superior passing 
straight down to join the right auricle ; the lefb 
vena cava superior passing obliquely downwards 
underneath the left auricle to join the right 
auricle; and the inferior vena cava passing 
upwards from the diaphragm to join the right 
auricle. 

22. Trace up one phrenic nerve. It makes its way 
out of the thorax by the side of the superior 
vena cava, and then passes beneath it. Place a 
double hgature round the vein and divide be- 
tween the ligatures. Follow up the phrenic to 
its origin from the 4th and 5th (and also from 
the Gth and 7th) cervical nerves. 

2—2 
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23. Trace out the arch of the aorta by clearing away 
the tissue from its upper surface. Take care 
not to injure the pneumogastric nerves (see 
next section). Observe on the right side the 
innominate artery, which gives off first the 
left common carotid, and then divides into 
the right subclavian and right common 
carotid ; on the left side the left subclavian. 
Note the vertebral artery on either side pro- 
ceeding from the subclavian. On a level with 
the anterior part of the larynx, note the division 
of the common carotid into external carotid 
and internal carotid. The former curls round 
the angle of the jaw, the latter enters the skull 
a little in front and to the median side of the 
tympanic bulla. 

24. Trace both pneumogastric nerves downwards, 
observing the recurrent laryngeal branches 
passing on the right side round the subclavian 
artery, and on the left round the aorta. Place 
a double ligature round the innominate artery 
and divide between the ligatures. Trace the 
recurrent laryngeal nerves along the back of the 
trachea to the larynx. Pursue the main pneu- 
mogastric trunks on the oesophagus to the point 
where they were seen in A, § 10. 

25. Trace the sympathetic nerve downwards to the 
inferior cervical ganglion lying a little ahove 
the subclavian artery, and close to the vertehral 
artery; follow it thence to the first thoracic 
ganglion. 
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Observe the branches going from these ganglia 
towards the heart. Observe also the depressor 
nerve passing to the heart. 
From the first thoracic ganglion trace down the 
thoracic sympathetic nerve trunk lying on the 
heads of the ribs with the ganglia (twelve in all) 
and the rami communlcantes connecting each 
ganglion with its corresponding spinal nerve. 

Trace out the Bplanctmic nerve on one side ; it 
will be found to separate from the sympathetic 
at the 8th, 9tb, or 10th thoracic ganglion. At 
first sight it appears to be the continuation of 
the sympathetic instead of a branch of it; since 
the sympathetic at its lower part becomes more 
transparent, and running in a groove between 
two muscles, is rather easily overlooked. The 
splanchnic receives branches from each of the 
thoracic sympathetic gangha below its origin. 

Tie a tube in the trachea and distend the lungs, 
note the appearance of the distended lungs. 
Cut out the heart' with the lungs attached, and 
trace the pulmonary artericB and veins. 

28. Having reflected on either side the skin of the 
neck of the dog, and cleared away the fascia of 
connective tissue, observe the muscles under- 

n. The »Umo-hyoid close to the median line. 
It runs £rom the sternum to the hyoidbone. 



t The heart may tu diasectod in (ba a 
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6. The atemo-thyroid lying laterally of (a) and 
for the greater part of its course close to it, 
it runs from the sternum to the thyroid 
cartilage of the larynx. 

c. The thyro-hyoidy a small muscle running 
from the thyroid cartilage to the hyoid bone, 
in the upper part of its course it lies lat- 
erally of (a). 

d. The stemo-deido-mastoid lying laterally of 
(b) and covering it near the hyoid bone, 
thence it proceeds outwards, and disappears 
under a white oval mass, the submaxillary 
glands. 

These muscles may be dissected in the rab- 
bit also, the representative of the stemo- 
cleido-mastoid has however no clavicular 
attachment and hence is called the stemo 
mastoid, it does not come in contact with 
the submaxillary gland 

29. Carefully separate the stemo-mastoid from the 
stemo-thyroid ; the sympathetio-pneumogastric 
trunk and the carotid artery will come into 
view. 

Observe the following points in which the dog 
differs from the rabbit : 

a. There is but one superior vena cava form- 
ed by the jimction of the two innominate 
veins, 

(The arrangement of the main arteries is usually 
that described above for the rabbit, but con- 
siderable variations occur.) 
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p. There ia in the neck no separate nerve co 
aponding to the depressor in the rabbit. 

y. The sympathetic and the vagus run in the neck 
in a thick sheath common to both. At the lower 
end of the neck, the sympathetic joins the infe- 
rior cervical ganglion. From the ganglion 
several pale nerves to the heart aod Iiings, and 
receives two white ones— the annulus of Tieua- 
fiens — from the first thoracic ganglion. The 
latter receives rami from the lower cervical and 
first two dorsal nerves, of these the 3nd dorsal 
only (the 10th spinni nerve) gives an obvion:* 
white as well as a grey ramus to it 

Clear awaj any muscles that may remain around 
the lower part of the larynx ; on either side 
of it ia attached a thin, dark red lobe of the 
thyroid gland, the lobes ran a short way down 
the trachea, and there join over the ventral 
surface of the trachea by a very thin connecting 
piece. 

, Cut through the skin in the iront of the thigh 
and turn it back on either side; in the upper 
median part blood-vessels will be dimly seen 
through the thin sartorius muscle ; cut through 
this muscle and note the femoral (crural) 
artery and vein, and the crural nerre tun- 
ning side by side ; trace the artery upwards, 
it unites with other arteries to form the common 
iliac, which with the common iliac of the other 
side forms the abdominal aorta ; trace similarly 
the femoral vein to the common iliac vein and 
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the inferior vena cava. Follow the croral nerve 
up to the spinal cord, it arises chiefly from the 
5th lumbar nerve (receiving branches also from 
the 6th and 7th). 

2. Eemove the skin from the back of the thigh, cut 
through the tendonous line seen over the femur 
and pull the outside mass of muscle outwards, 
the large sciatio nerve will be seen, trace this 
to the top of the thigh, then turn the rabbit 
over and follow the nerve to its origin from the 
spinal cord; it arises chiefly from the 7th 
lumbar and 1st sacral nerve (receiving branches 
from the 6th lumbar and 2nd and 3rd sacral 
nerves.) 



E. The Student should have a rabbit's and a dog's 
skull before him, and make out the several 
openings by which the nerves spoken of below 
issue from the skulL 

1. Carry up to the chin the median skin cut and 
reflect the skin, place the head on one side ; just 
in front and ventrally of the base of the ear will 
be seen the thin dorsal part of the parotid 
gland, often much hidden by fat tissue; the 
gland stretches ventrally a little past the angle 
of the jaw. 

2. From the anterior border of the parotid gland, 
issues the greater part of the flicial nerve 
(7th) dividing into several branches which run 
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forwards across the masseter muscle to their 
endinga in certain muscles of the face. 

The duct of the parotid (duct of Stenson) 
runs forward with the facial nerve, from the 
gland; it is small, thin-walled and inconspicuous, 
it may aometimea be made evident by pressing 
on the gland and so forcing some fluid into it. 
The branches of the facial should be carefully 
isolated close to the gland, the connective tissue 
being cut througli with a fine pair of scissors as 
close as possible to the nerves lest the duct be 
inadvertently severed ; on pulling the nerves to 
one aide the duct will be seen, follow it forwards 
to the anterior edge of the masseter where it 
dips down to the mouth ; make a small cut ii 
with scissors and pass a bristle down it. 
In the dog the duct ia much more obvious, the 
facial nerve does not accompany it. 

Cutting through the parotid gland, trace the 
facial nerve to its exit from the skull by the 
stylo-mastoid foramen; observing the branches 
going to the muscles of the ear. 

Behind the parotid gland will be seen a nerve 
running from the under surface of the stcmo- 
mastoid muscle (cp. C. § 21) dividing into two 
branches, and passing up the ear. This is the 
great auricular, which arises from the 3rd 
cervical nerve, and ia the main sensory nerve 
for the ear. Trace as far as possible its course 
in the ear. 
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6. In the dog, reflect the skin of the head, note 
again the position of the auhmaxilla/ry glcund 
(cp. 0. § 28 d) as seen from the surface ; it lies 
between two large branches of the jugular vein ; 
attached to the inner part of the posterior 
extremity of the lower jaw will be seen the 
digastric muscle; clear away the connective 
tissue surrounding it, cut it through, taking 
care not to injure the parts beneath, and 
reflect the cut ends; the evhrna/xUlary duct 
(duct of Wharton) will be seen running from 
the gland, trace it forwards, it runs underneath 
(dorsally of) a muscle with transverse fibres, the 
mylohyoid, cut through this, turn the lateral 
part as far back as possible, taking care that 
the fascia on its lower surface is not attached 
to it and follow the duct forwards. 

7. Attached to the anterior end of the submaxillary 
gland and stretching for some little way along 
its duct will be seen the smaller stAblingtuU 
gland, from this runs the svMingual dtust, 
alongside and laterally of the duct of the 
submaxillary gland. 

8. A short distance from the lower border of the 
mylohyoid muscle the lingiud nerve will be seen 
crossing the ducts and running on to the tongue : 
pull the tissues on which the lingual rests Mrell 
away from the jaw, about three quarters of an 
inch centrally of the point where the lingual 
crosses the ducts, it will be seen to give oflT a 
small nerve the chorda tympani. This curves 
towards the ducts and then runs alongside them 
towards the sublingual and submaxillary glands. 
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9. Trace the ducts peripherally, they unite and 
open underneath the tongue ; trace the lingual 
nerve peripherally, it eupplies chiefly the tip of 
tie tongue. 

10. In the rabbit there wLll be seen lying betiveen 
the angles of the lower jaw the tolerably com- 
pact but soft submaxillary glands touching 
one another in the median liue. Each gland is 
laterally in contact with the ventral lobe of the 
parotid, its tint is redder than that of the 
parotid; pull the submaxillary gland laterally 
and backwards, its small duct wUl he seen 
running from it over the muscle attached to the 
inner surface of lower jaw, and then underneath 
(dorsally of) the digastric mitsclo, which here 
has a conspicuous tendon; cut through the 
digastric and tra<;e the duct forward underneath 
the mylohyoid muscle; a short distance from 
the lower border of the mylohyoid this duct is 
covered by the lobulea of the small sublingual 
gland, turn this back, the lingual nerve will be 
seen crossing the duct, with care in dissection 
fine nerve fibres, cborda tympanl flbrea, may 
be seen running from the hngual nerve to the 
sublingual gland and to the duct of the sub- 
maxillary gland, the latter fibres are too small to 
follow towards the gland itself. 

11. Now follow up the paeiimogaBtiic nerve from 
the place where it was left in C. § 18. A little 
above the superior lajyngeal branch will be seen 
the pharyngeal nerve, and higher up still a 
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fusiform enlargement, the ganglion of the 
trunk. 

12. Note the hypoglossal, a large nerve running 
across the pneumogastric a little centrally of its 
ganglion. Trace it forwards to the muscles of 
the tongue. 

13. Follow up the sympathetic nerve, it has, at about 
the level of the ganglion of the pneumogastric, a 
considerable enlargement, the superior cervi- 
cal ganglion; observe the fibres which run 
from this along the carotid artery and its 
branches. 

14. In the dog, the sympathetic and pneumogastric 
nerves which run in a common sheath in the 
neck (cf. C, § 28 (y)) separate from one another 
a little distance from their respective ganglia. 

15. Partly saw through the symphysis menti, then 
use a lever and force the rami asunder, and in 
the following dissection cut through or remove 
any muscles necessary. 

16. Trace the lingual backwards. It will be found 
to join the inferior dental (a large nerve 
entering into the lower jaw), to constitute, with 
other branches, the inferior maxillary nerve. 
Trace this back to the firont edge of the tympa- 
nic bulla. 

17. Kote in the dog the small nerve, cliorda tyn^ 
panif which joins the lingual soon after the 
latter branches off from the inferior dental; 
trace the chorda tympani centrally, it will be 
found to make its exit from the tympanic bulla 
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close to the Glaaerian fissure. Break through 
the bulla, and obeerve the chorda running 
across the tympanic cavity over the handle of the 
malleus (cp. Lesson xxviii.}. This course of the 
chorda tympani may be followed in the rabbit, 
but the dissection is not easy. 
18. Not* also in the tympanic cavity the very small 
nerve running over the promontory or projec- 
tion of the cochlea. This is Jacobson's nerve, 
a branch of the 9th. 

19. Trace up the pneumogastric beyond its ganglion, 
to its exit from the skull by the foramen jugular e. 
Note, passing from the skull with the pneumo- 
gastric, the small spinal accessory nerve 
behind and the ^losBO -pharyngeal in front; 
the communicating branches between these 
nerves may be neglected. 

20. Trace the glosso-pharyngeal forwards to the 
tongue and pharynx. It runs nearly in the 
same direction as, but at a higher level than, the 
hypoglossal, and may be traced to the binder 
part and to the sides of the tongue, 

21. Cut through the above three nerves, a little 
distance from the skull, break away with small 
bone forceps the tympanic bulla, and trace more 
thoroughly the exit from the skull of these 
nerves and of the hypoglossal. The latter issues 
through the condyloid foramen, which is separ- 
ated by a distinct width of bone from the 
foramen jugulare, through which the other three 
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22. Saw through the base of the skull and the face, 
from the occiput to the nose, a little on one side 
of the median line. 

The nasal septum will be seen dividing the 
nasal cavities except posteriorly. Note the 
anterior and posterior turbinate bones both 
consisting chiefly of thin folded laminse, pass a 
bristle through the anterior nasal opening into 
the nasal cavity, using bone forceps and scissors 
trace the passage from the nasal cavity through 
the posterior nasal opening into the pharynx 
and trachea; note that the posterior turbinate 
bones are not in the direct course between the 
anterior nares and the trachea. Cut through 
the septum nasi dorsally close to the nasal 
bones, and remove the nasal bones, note that 
the posterior turbinate bones and the posterior 
dorsal part of the septum are covered with a 
yellowish mucous membrane which is thicker 
than that lining the rest of the nasal cavities ; 
this is the olfactory part of the mucous mem- 
brane (Schneiderian membrane). Trace the 
olflEictory nerve forwards from the brain ; it 
divides into a number of fibres which run to the 
Schneiderian membrane. 

23. Looking down into the pharynx, observe the 
epiglottis and the way in which it when pushed 
backwards folds over the opening to the larynx. 

Put the larynx of the dog into weak spirit for 
dissection later. (Lesson xxxii.) 

24. Look at the side of the pharynx for the opening 
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of the Eustachian tube, pass a probe up it into 
the tympanic cavity. Pass another probe down 
the meatus extemus and, rupturing the mem- 
brana tympani, make sure that the first probe 
has entered into the tympanic cavity. 
Remove one eye from its orbit, cutting through 
the tissues close to the eye. In the anterior part 
of the orbit note the whito Harderian gland ; 
iu the anterior lower part the pale red Infra- 
orbital gland, the duct of which opens into the 
mouth near the upper molars ; and the lachry- 
mal gland pale-red like the infra-orbital in 
the posterior part of the orbit. Observe the 
point of entrance of the optic nerve into the 
orbit. 
In the dog the musolea of the globe of the eye may 

be dissected out, after removing with bone 

forceps the roof of the orbit. 
Immediately below, and in front of the eye, 
the auperlor maxlllaiy nerre will be found 
issuing from a foramen in the superior mamillary 
bone, to supply the skin of the face, &c., with 
sensory fibres. Cutting away the bone with a 
small pair of bone forceps, trace thia nerve back 
along the floor of the orbit. 
27. In the upper part of the orbit of the dog note 

the ophthalmic ntrve. It passes from tlie front 

of the orbit to the forehead. 
The superior and the inferior maxillary nerves 
and the ophthalmic, when traced back, will be 
found to unite into one large nerve, the fifth or 
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trigeminal. Observe on the nerve at the junc- 
tion of the three branches, the swelling of the 
CraaBerlan ganglion. 

Observe also that the nerve in leaving the brain 
has two roots, a small and a large, that the 
small root passes beside the ganglion on the 
large root, without entering into it, and that the 
fibres of the small root are, beyond the ganglion, 
almost entirely confined to the third or inferior 
maxillary branch. 

Out out the tongue taking care to remove the 
whole of it; on either side of the posterior upper 
surface, will be seen a small oval patch, the 
papilla follata or lateral taste organ ; note the 
parallel ridges running at right angles to the 
long axis of the papilla. 



As an introduction to the methods of preserving 
and hardening tissues, the following should be 
done by each student. The tissues should be 
removed from the rabbit as soon as possible 
after it has been killed, and sections should be 
cut when the Lessons dealing with the several 
tissues are being worked through. 

Cut out from the greater curvature or fundus of 
the stomach a piece about 1 c. m, square, wash 
it for a moment in NaCl. '6 p.c, to remove any 
acid or any food substance on the surface of the 
mucous membrane ; with hedgehog quilla or 
small pins fasten it out on a piece of cork with 
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the muscular surface downwards, stretching it 
slightly, and place it in alcohol about 75 p. c. for 
about an hour, then remove to 95 p.c. alcohol for 
a fortnight ; keep in 75 p.c. alcohol. 

Cut out of the small intestine a piece about two 
inches long ; tie into each end a short glass tube 
with lumen about 5 ra.m, in diameter, over the 
free end of each glass tube slip a piece of india- 
rubber tubing ; by means of a syringe wash out 
the piece of intestine with NaCl G p. c. for 
about twenty seconds, then inject chromic acid 
■2 p. c. When the salt soltition has been displaced 
by chromic acid tie or clamp the peripheral piece 
of tubing, inject a little more chromic acid to 
distend slightly the intestine, and tie or clamp 
the central piece of tubing. Place the distended 
intestine in ten times its bulk of chromic acid 
•2 p. c. In two to three days cut off both ends 
of the intestine, cut it open longitudinally, and 
place it in fresh chromic acid '2 p. c. ; in about 
ten days place it in water for some hours, and 
then in alcohol 30 p. c. ; on the next day transfer 
it to alcohol 50 p.c. renewing the alcohol as long 
as it becomes coloured and finally place the tissue 
in strong spirit. 

Take a piece of costal cartilage about 6 m.m. 
long and place it in about 10 c. c. of saturated 
aqueous solution of picric acid ; after about ten 
days wash it well with water and place for a 
day in 50 p.c alcohol then transfer to strong 
spirit. 
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4. Take of the sciatic or other large nerve a piece 
about 10 m.m. long and place it in about 10 a a 
of ammonium bichromate 2 p.c In a week 
renew the ammonium bichromate ; in this fluid 
it may be kept until sections are required, or in 
a month or more it may be washed with water 
and placed in spirit as in § 2« 



LESSON II. 



STRUCTUKE OF BLOOD. 



A. Blood of Frog Ob Newt. 



I 



1. Having destroyed the brain and spinal cord of a 
frog', cut through the akin in the median ventral 
line, cut tranaversely through the lower part 
of the sternum just above the epigastric vein, 
and expose the heart. Cut off the tip of the 
ventricle ; with a glass rod transfer a small drop 
of blood to a glass slide and place oa it a cover- 
slip. 

Examine it under the microscope with a low 
magnifying power' and observe the numerous 
corpuscles floating in the plasma. 
Examine it with a high magnifying power* and 
observe the red corpuBclea ; if a large drop of 

' Cp. Appendix, 

■ For conyenienca the term *law power' will te ased thronghout 
[□T a combinatioQ of lenees wliich mofjnifies limits than 100 diameters, 
nnd tlie term 'bigb power' for a combiDatioD of lecaea which mag- 
nifies more than 300 diametera. In ZeiBs' microscope, ohjectiTe A 
with ocolar 2 magaifleB 65 diameters, with ocular 3 it magnifies 73 
diametetB; objective D with ooulu 3 magnifies 320 diameters, with 
ooular i it magnifieB ilO diameters. If the tabe be drawn oat the 



36 ELEMENTARY PHYSIOLOGY. [ll. 

blood has been taken the corpuscles will pro- 
bably form a continuous layer, in which case a 
drop of '6 p.c. sodium chloride solution should be 
made to run under the cover-slip (cp. § 4). 

a. The red corpuscles are flattened ellipsoids; 
note their spindle shape as they roll over. 

b. They appear homogeneous; if however the 
specimen be not carefully prepared a certain 
number of the corpuscles will be altered and 
show a central oval nucleus. 

c. A single corpuscle is pale yellow, the colour- 
ing substance being equally diffused through- 
out it ; when several corpuscles lie over one 
another they together appear red. 

d. The great majority are of the same size and 
tint. 

2. Examine the colourless corpuscles in parts of 
the specimen where the red are not very nume- 
rous. 

a. They are much fewer than the red. 

b. They are smaller than the red, but vary 
considerably in size. 

c. Most have an irregular form, some are 
spherical. 

d. They are colourless and granular; the gra- 
nules vary greatly in distinctness and size. 

magnification is of conrse greater. The f inch and i inch objeotiTes 
of English make correspond respectively to the A and D objectiyeB of 
Zeiss. With Hartnaok's microscope the nearly corresponding lensea 
are oo. 2 or 3, obj. 3 (low power) and oc. 8 or 4, obj. 7 (high powez). 
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e. The nucleus can seldom be made out, 
except when the corpuscle is very extended. 
Do not confound a heap of granules or a 
protuberance with the nucleus. 
/, Choosing a corpuscle either elongated or 
having several processes, watch carefully its 
amceboid movements; make half a dozen 
drawings of its outline at intervals of about 
twenty seconds. 

J, "When a drop of blood is first mounted the 
colourless corpuscles are usually spherical, 
they soon begin however to put out pro- 
ceases; if it is desired to watch the move- 
meute for any length of time a freah drop 
should be mounted and protected from eva- 
poration in the foDowing manner. With 
a morsel of blottmg-paper dry if necessary 
the slide at the edges of the cover-slip. 
Keep the cover-slip in place by gently 
holding a needle against one edge, and, 
with a small brush, brush carefully the 
melted paraffin A,' (which melts at 39°0.) 
over the edges all round. The paraffin need 
not extend more than ^ or ^ inch over the 
cover-slip, 

a. With the aid of a camera lucida' make an 
outline drawing of two or three red corpus- 
cles; substitute for the specimen a stage 
micrometer', and being careful that the mi- 
croscope and the drawing-pad are in the 

' Cp. Appendix. 
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same positions as before, make a drawing of 
the micrometer lines over the previously 
made drawing of the corpuscles; then, the 
real distance between the micrometer lines 
being known, the diameters of the corpuscles 
can be at once read off; thus if the micro- 
meter lines are 7^ mm. apart and in the 
drawing a corpuscle exactly occupies one 
division its diameter in that direction is 
evidently -^ mm. 

The drawing of the micrometer lines may be 
kept as a scale, and any object drawn under 
the same magnifying power and with the 
pad and microscope in the same relative 
positions may be directly measured by it. 

b. Substitute for the ordinary eye-piece of the 
microscope one which has a ledge for sup- 
porting an ocular micrometer*, the values of 
which have been determined, the size of the 
corpuscle can then be at once read ofil 
4. Mount another small drop of blood, place a 
small drop of *1 p.c. acetic acid on the glass 
slide so that it just touches the edge of the 
cover-slip; place a piece of blotting-paper on 
the opposite side just touching the fluid at the 
edge of the cover-slip, the acetic add will then 
run under the cover-slip and mix with the blood 
Note the changes which take place. 

a. In the colourless corpuscle, the cell sub- 
stance becomes more transparent but shews 

^ Cp. Appendix. 
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several dftrk granules; a granular nucleus, 
often irregular or lobed, comes into view, 
usually more than one nucleus will be seen. 

b. In the red corpuscles the nucleus be- 
comes obvious; it is when first seen nearly 
homogeneous, and oval in outline, later 
it becomes granular and usually irregularly 
rod-shaped. 

c. The red corpuscles swell up owing to absorp- 
tion of water, most after a time become 
spherical (if strong acid be used the cor- 
puscles usually preserve their shape). 

d. They become colourless, the colouring matter 
being dissolved ; occasionally the colouring 
matter is massed round the nucleus before 
complete solution takes place (effect of water) 
and occasionally the nucleus becomes stained 
yellow by the colouring matter (effect of acetic 
acid), 

e. Finally the outline of the corpuscles ia seen 
as a faint line at some distance fi^m the 
nucleus. Observe the not infrequent excen- 
trio position of the nucleus. 

/. Some corpuscles are much more readily 
acted on than others. 



Irrigate with a strong aqueous solution of 

Spiller's purple or magenta. 

a. The outline of the red corpuscle becomes 
distinct, its nucleus stains deeply, around 
the nucleus a little faintly stained granular 
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fiubstance is seen which ofbeD stretches out 
to the periphery of the corpuscle in the form 
of a star. The nuclei of the colourless cor- 
puscles also stain deeply. 

6. Place several very small drops of blood two or 
three mm. apart on a slide and leave for a few 
minutes, then cover with a cover-slip, and put 
under a high power. Take a little blood from a 
freshly killed frog and establish a current under- 
neath the cover-slip from one side of it to the 
other (cp. § 4). The first small drops will have 
partially clotted and will serve as an imperfect 
barrier to the corpuscles in the current ; in such 
places note that the shape of the red corpuscles 
is easily changed and recovered, and that the 
colourless corpuscles stick to one another and to 
the glass more than do the red. After the 
current has passed a short time largish clumps 
of colourless corpuscles will be seen. 

7. Having destroyed the brain and spinal cord of a 
frog, expose the heart and cut it across, suck up 
a little blood in a clean pipette and add it to 
about five times its volume of 2 p.c. boracic acid, 
stirring gently. Mount a drop of the mixture at 
once and observe the red corpuscles with a high 
power. 

The nuclei scarcely visible at first become in a 
short time rather deeply stained with haemo- 
globin ; small spheres of haemoglobin appear also 
in the body of the corpuscle ; occasionally the 
haemoglobin may appear to stretch in rays from 





STKUCTUEE OF BLOOD. 

the nucleus through the body (if the rays are 
not seen irrigate with 2 to 5 p.c. salt solution, 
but in this case be careful not to mistake foldings 
of the corpuscle for raya). Later the corpuscle 
becomes spherical and its body colourless. Whilst 
the earher changes are taking place some of the 
corpuscles may be seen to extrude their nuclei. 

Dilute a little fresh blood with twice its volume of 
■6 p.c. salt solution ; mount a drop of the mixture 
and place it aside for an hour or ao to clot; 
irrigate it with 30 p.c. alcohol and then with 
Spiller's purple dissolved in water or in dilute 
alcohol. Note the deeply stained network of 
fibrin fibrils and the numerous long threads of 
fibrin running from the broken-down colourless 
corpuscles, 



I 



B. Blood of Man. 

With a needle prick the end of a finger, and 
squeeze out a small drop of blood and mount it 
(ep. A, § 1). Observe the red corpuscles. 

a. They roll about readily, when the cover-slip 
is lightly touched. 

b. Soon after being taken from the body they 
stick to one another, and, owing to their 
shape, usually in rouleaux. 

c. They are biconcave discs. Note that on fo- 
cussing down on the circular face a darkish 
centre and a light rim is iirst seen and then 
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a light centre with a darkish rim: when 
viewed in profile and the centre focussed 
they appear somewhat dumb-bell shaped. 

d. They appear homogeneous, their colour is 
like that of the red blood corpuscles of the 
frog (cp. A, § 1, c). 

e. Towards the outside of the drop, where 
evaporation is going on, many of the red 
corpuscles are crenate. 

/. They are much smaller than the red corpus- 
cles of the frog. Measure them (cp. A. § 3). 

2. Observe the colourless corpuscles. They axe 
larger than the red, they resemble the white 
corpuscles of the frog (A. § 2, c. d, e.) ; to observe 
their amoeboid movements a drop should be 
protected from evaporation (A. § 2, g) and, pre- 
ferably, warmed to the temperature of the body. 

3. Irrigate with '5 p.c. acetic acid (cp. A. § 4). 

a. The red corpuscles swell up and become 
spherical, their haemoglobin is dissolved, 
leaving the hardly visible stroma. (Eflfect 
of water.) 

ft. No nucleus is brought into view. 

c The white corpuscles behave like those of 
the frog (A. § 4, a). 

4. Count the red corpuscles with Gower's hsemato- 
cytometer in the following manner. 

Fill the larger pipette with sodium sulphate 
solution of Sp. Or. 1025 up to the mark on the 
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stem, it then contains 995 cm,; empty it into 
the measuring glass. Fill the small pipette 
vdth freshly drawn blood up to the line marked 
5 cm.; empty it into the measuring glass, and 
■with the fluid in the measuring glass wash out 
the blood sticMng to the inside of the tube ; 
thoroughly mix the blood and salt solution with 
the glass spatula, place a small drop of the 
mixture in the centre of the glass cell and 
over it lay a cover-slip, arrange the springs on 
the cover-slip to keep it in position, and under 
a high power count the number of red corpuscles 
in ten of the squares which are marked at the 
bottom of the glass cell. 

Since the depth of the cell is ^ mm. and the 
side of each square is -j^ mm., there is beneath 
each square ^ c. m. of the mixture, i.e. -nrrsWir 
c m, of blood, hence the number of corpuscles 
in 10 squares multiplied by 10,000 gives the 
number of corpuscles in 1 c. m. blood. 

DEMONSTRATIONS. 

The method of using the simple and Strieker's 

■warm stage. 

The 'platelets' of frog's or newt's blood (cf. 

p. 387). 

Specimens to show the cliief stages of indirect 

nuclear division (cf. p. 395), 

Note. If the brain of a frog be destroyed, a drop of cnmri injerlcd 
under tlie Bkin, and the fcog be left for a day in about ^inch of water, 
the lymph bocs viti become filled with lymph c 
while Doipnsclee, many in a Btate of actiTe amoek 
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COAGULATION OF BLOOD. CHARACTERS 

OF PROTEIDS. 

1. Observe the coagulation of freshly shed blood * ; 
it is at first fluid but soon passes into a jelly 
which gradually becomes firm; if then placed 
aside for some time, drops of clear serum will, 
by the shrinking of the fibrin, be pressed out on 
the surface of the clot; later the clot shrinks 
more or less completely fi:om the vessel squeez- 
ing out more and more serum. 

2. With a feather stir slowly about 10 c.c. of fireshly 
shed blood ^; a considerable portion of the blood 
will form a clot on the feather ; squeeze out the 
clot under a stream of water from a tap; the 
clot shrinks considerably and a small quantity 
only of fibrin is obtained. 

3. Repeat § 2, but this time stir quickly, filaments 
of fibrin will be obtained ; note that the fibrin is 
extensible and elastic; leave the defibrinated 
blood for a day, no further clot is produced. 

^ This wiU be obtained by the Demonstrator. 
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Place a small drop of fresli blood on a piece of 
glazed neutral litmus paper, in about ten seconda 
wipe off tbe drop, a blue spot will be left showing 
that tbe blood is alkaline. Test also the reaction 
of serum, 

6. -A-pply the Xanthoproteic and Millon's test for 
proteids (cp. § 16) to tibrin chopped up and 
suspended in water, 

6. Take two test-tubes and in each place a few- 
flocks of fibrin. 

ti. Add water and place in water bath at about 
39' C. for a day ; the fibrin does not dissolve 
(it thus differs from albumin and peptone). 

b. Treat similarly but with dilute (1 p. c.) solu- 
tion of sodie chloride ; the fibrin does not 
dissolve (it thus differs from globulin). 

7. Place two or three flocks of fibrin in a test-tube 
containing a few c. c, of '2 p. c, HCl, tbe fibrin 
soon swells up and becomes transparent ; neu- 
tralize the acid with Na^CO,, tbe fibrin shrinks 
to its original size. IS the fibrin is warmed with 
the acid, solution slowly takes place, acid-albu- 
min being formed (cp. Lesson ix.), 

8. Examine the plasma of horse's blood kept, by 
means of cold, from coagulating'. 

' The blood is ftllowed lo ma from the aninia! into a tall narrow 
vessel contained in a, much larger one packed witb ioe, a little salt 
maf be mixed with the ioe, but of cootse not enough to reduce tlie 
temperature bo mueb that tlie blood is frozen; sometimes also a vessel 
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a. Transfer with a pipette 2 or 3 c.c. of the 
plasma into a small test-tube. Observe the 
coagulation and compare it with that of § 1. 
Avoid shaking. Probably the fibrin will 
adhere so strongly to the sides of the tube 
that little contraction will take place. On 
being freed from the glass it will contract. 
K the clot has already shrunk away from 
the sides of the vessel, it may since it is 
colourless be overlooked unless the fluid be 
carefully examined. 

b. Dilute 1 C.C. of the plasma with 50 c.c. of 
distilled water or normal saline solution. 
Carefully avoid shaking and leave it till 
the next day. Observe the fine delicate 
fibrils of fibrin which are formed. 

9. Examine the plasma of blood prevented from 
coagulating by the presence of neutral salts\ 

a. Remove 1 or 2 c.c. carefully with a pipette, 
avoiding blood-corpuscles as much as possi* 
ble, and dilute five to tenfold with water. 

filled with ice is placed in the one which receives the blood. Horse's 
blood is preferable to bullock's or dog's, since it dots less readily and 
the red oorptusdes sink more quickly. 

^ In preventing coagulation by neutral salts, blood is collected in 
a vessel containing a saturated solution of magnesio sulphate ; as the 
blood runs in, it must be mixed well with the salt solution, preferably 
by stopping the flow of blood now and then and turning thd vessel 
upside down. There should be about 1 vol. of the salt solution to 
4 vols, of blood. The vessel may advantageously be surrounded by 
ice or by ice and salt. On either method (§ 9 or § 10) clotting some- 
times takes place, but the remaining fluid may still give a dot on 
appropziate treatment. 
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The mixture will clot very speedily if placed 
in the warm chamber ; lesa speedily if left at 
the ordinary temperature. 
b. Remove about lOc.c, into a small conical glass. 
Add powdered sodic chloride to excess, stirring 
but not more than is necessary to assist the 
salt to dissolve. Aa the point of saturation 
is reached, a flaky precipitate makes its 
appearance. If the precipitate be plentiful, 
remove it with a spatula, put it on a small 
filter wetted with a saturated solution of 
sodium chloride and wash with small quan- 
tities of the same: if the precipitate be 
small, decant it and the fluid from the 
undissolved salt; filter, and wash the pre- 
cipitate on the filter paper with small quau- 
titiea of a saturated sodic chloride solution. 
Dissolve the substance ao obtained, the plas- 
mlne of Denis, in a small quantity of dis- 
tilled water, and filter. Probably a portion 
of it will not dissolve, having already coagu- 
lated. The clear, colourless fiuid filtrate will, 
if set on one side, clot. Avoid shaking after 
filtration. If a small quantity only of the 
fibrin factors be present, the fine threads of 
fibrin, as they are formed, are loosened by 
the shaking, and contract; thus the more 
easily recognized gelatinous st^^e is lost 
This operation is the more successful, the moJ'e 
rapidly it is carried, an. 

10. To 2 c.c. of hydrocele or other serous fluid which 
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has been ascertained not to coagulate, nor to have 
coagulated spontaneously, add 2c.c. of fresh blood- 
serum, gently mix, and put on one side. 
After a while, possibly not until after twenty- 
four hours, the mixture will have coagulated. 
The coagulation will be more rapid in the warm 
chamber. 

11. Take 10 ac. of fresh blood-serum and saturate it 
with magnesic sulphate by adding the salt in 
powder. Paraglobulin will be precipitated, 
since like other globuUns it is insoluble in a satu- 
rated solution of a neutral salt; filter (before 
filtering the precipitate may be allowed to settle 
and most of the fluid removed by decantation), 
wash on the filter with a saturated solution of the 
salt, then add 5 c.c. water to the precipitate, the 
salt solution clinging to the precipitate will be 
diluted and the paraglobulin dissolved. It does 
not coagulate spontaneously. 

12. Add a small quantity of paraglobulin solution to 
hydrocele fluid. Coagulation will result 

13. Treat 10 c.c. of hydrocele or pericardial fluid with 
sodium chloride to saturation, and proceed as in 
§ 11; a precipitate of fibrinogen will be ob- 
tained, its solution does not coagulate sponta- 
neously. 

14. Add to 1 c.c. of a strong solution of fibrinogen an 
equal volume of blood-serum, and set aside; 
coagulation will take place. 

15. Take 2 c.c. of plasma (§ 9), add to it 16 c.c. of 
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water, and determine that the mixture coagu- 
lates very slowly. 

Take another 2 c.c. of plasma, and add to it 16 c.c, 
of an aqueous solution of prepared fibrin fer- 
ment'; coagulation will quickly take place. 
IG. Dilute serum ten-fold with water and with it 
observe the following general reactions of pro- 
teids. (If sufficient serum is not obtainable, 
take the white of an egg, cut through the 
membranes in several places with scissors, add 
50 vols, of water, beat up well, filter through 
flannel and then through filtering paper.) 
a. Xanthoproteic reaction. Take a little of the 

' The atndent may prepare fibrin ferment in one of the followiog 

1. Let blood run into 10 timeH its vdltme gf water, tilt it npside 
down once or twice so that the fluids are well mixed, and let it 
etand for a daj. Filter through muHliii and sqaeeKe the eiceas 
of Snid ont of the olot, chop it up ami wash with water DDtil 
all or nearly all of the colouriDg sithatanoe is removed, plaee it 
in 10 timea ite balk of S p.o. KaCl solation, and warm fox i 
to two days; iQter; the filtrate contains fibrin ferment. 

I. Add alcohol in abnndanoe to serum until no further precipita- 
tion takes place, filter, and dry the residue over a water-bath 
at 35" C. ; place the teaidne in a bottle cantaining an excesi 
absolute alcohol, and leave for a month; at the end of this 
time decant as much alcohol as possible, eTaporoto the n 
at a low temperature (under '10°C.); extract the residue with 
200 times its Tolume of water, and filter. The alcohol will 
hare coagulated the greater part of the pacaglobnlin and albu- 
min, etc., and bo rendered them insoluble in water, hence the 
aqueous filtrate will contain little else than fibrin ferment, the 
more so the longer the alcohol has been acting; the compara- 
tiTc absence ol proteids ahonld be tested by the reactions given 
ins 16. 
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dilute serum, add a few drops of nitric acid, 
and boil. The white precipitate of proteid 
material at first formed becomes yellow and 
partially dissolves, forming a yellow solution* 
If the quantity of proteids present is small, 
the yellow solution only will be obtained. 
Place the test-tube in a stream of water from 
a tap to cool and when cold add ammonia; 
the yellow is turned to orange. 

6. To another small quantity of the serum add 
a few drops of Millons re-agent*. A pre- 
cipitate will be formed which tarns pinkish 
on boiling; if the amount of the proteids 
present be small, no distinct precipitate will 
be formed but the fluid will turn pink on 
boiling. 

c. Add a drop of cupric sulphate solution to an 
excess of sodium hydrate. To the blue solu- 
tion so formed add a little dilute serum, the 
fluid will become violet (cp. reaction of pep- 
tone, Lesson xvi.). The violet colour be- 
comes deeper on warming. 

d. Add strong spirit, a precipitate is formed 
(peptone in solution is precipitated with 
difficulty). 

e. Add excess of acetic acid and a few drops of 
a strong solution of potassium ferrocyanide, a 
precipitate is formed (peptone is not thus 
precipitated). 

17. With the diluted serum or white of egg observe 

1 Cp. Appendix. 
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in the following manner the coagulation of 
albumin and globulin hj heat. The white of 
egg contains a small quantity only of globulin. 
Place a test-tube containing 10 c.c, of the fluid 
in a water-bath at about 50° C and heat the 
bath not too slowly up to about 80° C. Note on 
a thermometer placed in the bath or in the 
tf!St-tube the temperature at which coagulation 
begins (fluid slightly rnUky) and that at which 
coagulation is complete (precipitate with clear 
fluid). If the fluid is very slowly heated the 
coagulate may be small owing to the formation of 
alkah albuminate (cp. Lesson IX. § 16) ; to avoid 
this the serum should be carefully neutralized 
with acetic acid before dilution. 

Add 2 c,c. of serum drop by drop to about 100 c,c. 
of water in a glass beaker. A faint cloudy 
precipitate of globulin, which is insoluble in 
water, will be seen (cp. Lesson ix. § 14). 



DEMONSTRATIONS. 

Coagulation of blood over mercuiy without 
access of air. 

Fluidity of blood in living blood-vesaela. 
Coagulation of blood within the vessels during 
life on foreign bodies or in injured blood-vessels. 



LESSON IV. 

HYALINE CARTILAGE. 

1, Snip oflf a piece of the free edge of any of the 
thin cartilages projecting from the sternum or 
shoulder-girdle of a freshly killed young newt*. 
Gently scrape away with a scalpel any tissue 
attached to it. Mount it in normal saline solu- 
tion* and with a high power note that 

a. The matrix is studded at tolerably regular 
intervals with cartilage cells or corpus- 
cles. 

6. Each corpuscle consists of a spherical or ovoid 
mass of cell-substance^ in which lies a 
relatively large nucleus. Both of these are 
fairly clear and transparent, though usually 
showing a variable number of fine granules. 

c. Most of the cells entirely fill up the cavities 
in which they He. 

^ Instead of this, sections of the head of the hameras or femur of 
any young animal may be made. 

3 i.e. *6 p.o. aqneoos solntion of sodimn chloride. In this and the 
following Lessons whenever a tissue is directed to be mounted in 
normal saline solution it is to be understood that if either fresh 
aqueous humour, or fresh blood-serum is obtainable, it is to be 
preferred. 
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d. Along the cut edge some cavities from wMcli 
the cells have faileii out may generally be 



e. Except at the free edge, the cells are two c 

more layers deep. 
/. The matrix ia hyaline or faintly granular, 

and is comparatively (cp. infra §§ 4, 7) in 

small quantity. 
K the newta are not quite young the cartilage 
■will vary from the above in the quantity of ma- 
trix, the shape and arrangement of the cells, and 
in the cells possessing small fat globules and 
often two nuclei. 

Irrigate the piece with acetic acid 1 p.c. 
The following changes will be seen as the irriga- 
tion proceeds : 

a. The nucleus becomes much more granular 
and distinct. 

Granules appear also in the cell-aubstamce, 
and more or less hide the nucleus. 
The cell-substance becomes transparent owing 
to the disappearance of the granules. 
The cell-substance shrinks from the matrix, 
and presents a granular-looking finely t 
rated border. Note the apace thus formed 
between the cell and the matrix. 

Place a small piece in gold chloride solution ■ 
p.c for about half an hour, (until it is of a light 
yellow colour,) then wash well with water, and 
place it in a vessel containing water just aci.d"A- 
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lated with axjetic acid ; leave it exposed to the 
light. In one to two days, when it has become 
a red-purple colour, mount it in glycerine. 
Observe the cell-substance well coloured, and 
hardly at all shrunken, the nuclei deeply coloured 
and having a sharp outline, the matrix coloured 
very slightly. 

4. Take a piece of rib cartilage from a recently 
killed adult animal and with a razor cut thin 
transverse sections* and transfer them with a 
camel-hair brush to a watch-glass containing 
normal salt solution. Mount one section in 
normal salt solution and another in osmic acid 
1 p.c; in the former observe under a high 
power, that 

a. The cells frequently shew signs of partial 
degeneration, containing fat globules which 
may be nearly as large as the cell ; these are 
very highly refractive and so have a very 
distinct outline. 

I. In places the matrix may be fibrillated, and 
in places semi-opaque owing to calcareous 
deposit; irrigate with 1 p.c. hydrochloric 
acid, the calcareous deposit is dissolved, but 
the fibrillation is not affected (it differs thus 
from the fibrillation of white fibrous connec- 
tive tissue, cp. Lesson V. § 2 6). 

c. Indications of primary and secondary capsules 
may be seen (cp. § 6). 

^ The sections may be out with a freeziog microtome, cf. Appendix. 
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5. Examine the section wliicli has been mounted in 
osmic acid ; the fat globules are stained a deep 
brown-black, the cell-substance, the nuclei and 
the matrix are but slightly stained. 

6. Prepare transverse sections of costal cartilage 
which has been preserved in picric acid (cp. 
Lesson 1 F. § 3), the sections may be made as in 
§ 4 or the tissue may be imbedded (cf. Lesson vi. 
§ 1). Stain the sections by placing them in 

2 p.c. solution of picrocarmine for 5 to 10 minutes 
or in a very dilute solution (e.g. 02 p.c.) for a 
day; if placed in the strong solution they should 
be looked at now and then to ace that they a 
not overstained. Wash the sections with water 
and mount them in glycerine. 
Observe that the cells are arranged in groups 
(each group having arisen by division from i 
single cartilage cell), note the outline of the thin 
layer of newer cartilage (capsule) around each 
ceil, sometimes the whole of the cells in a group 
may be seen to be also surrounded by a thin 
layer just marked off fi'om the rest of the matrix. 
Towards the outside of the cartilage the cells 
become flattened in a direction parallel with the 
flurface. This specimen should be preserved' for 
examination later (Lesson V, E. § 7). 

' ViMtb B small brtitih or gtaes lod Bprcnd a fairly Bm3 flolntion of 
Canada bulsom over the edges of the covet-elip and the adjoining pBirt 
of the glass slide ; the balram will dry in a Say or so and the specimen 
ean be moved abont without fear of the coTeF-alip being dinplaoed. 
If the glycerine in vhicli the section ia monnted does not stretch to 
the edgca of the cover-slip the balsum will run undetncath it t-oi. 
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7. Take a piece of cartilage firom the head of a 
cuttle fish which has been preserved in picric acid 
and subsequently in alcohoL Cut sections, im- 
bedding if necessary (Lesson VI. § 1). Select a 
thin section and immerse it in hsematoxylin for 
a few minutes watching that it does not stain 
too deeply, place it in a watch-glass containing 
spirit to remove the colouring matter simply ad- 
hering to the tissue (if it is too deeply stained, 
place it in a little 1 p.c acetic acid and when it 
is sufficiently decolourised, replace it in the 
spirit), then mount it in glycerine. Observe 

a. The groups of cartilage cells. 

b. The marked processes proceeding firom the 
cells of one group, running towards and 
anastomosing with the processes fix)m the 
cells of other groups. 

8. Take a small piece of the ear of a fireshly killed 
mouse or young rat, remove the skin and scrape 
away the tissue surrounding the ear-cartilage. 
Mount the cartilage in normal saline solution. 
Observe that the cavities of the cells, generally 
polygonal in form, are separated by very narrow 
partitions of matrix. From many of the cavities 
the corpuscles have disappeared altogether, 
leaving simply a honeycombed matrix. This 

probably spoil the section ; on the other hand if the glycerine spreads 
beyond the cover-slip the balsam will not stick to the glass, in this 
case it is generally less trouble to remount the specimen than to wipe 
away the superfluous glycerine. The Student should make one or 
two trials to find out the proper quantity of glycerine to take with the 
cover-slips he uses. 
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form of cartilage is frequently called " parenchy- 
matous." 

If it is desired to preserve this specimen or one 
of newt's cartilage (§ 1), place it in 75 p.c. alcohol 
for about half-an-hour, stain with hsematoxylin 
(cp, § 7) and mount in glycerine. 



LESSON V. 

CONNECTIVE TISSUE, 

A. Connective-tissue Fibres. 

1. Elastic Fibres. 

a. Tease out in water a morsel of ligamentum 
nuchse. It is almost entirely made up of 
rather large branching, and anastomosing 
fibres having distinct outlines^ and curling at 
their ends. 

6. Irrigate with acetic acid (1 to 5 p.c.); the 
fibres are unaffected. 

2. White Fibres. 

a. Place on a slide a small piece of a thin 
tendon, e.g. from a digit of a frog or firom 
the tail of a mouse (cp. B. § 3) and, keeping 
it in position at one end with a needle, 
separate as completely as possible the fibres 
firom one another at the other end by passing 
a needle through it in the direction of its 
length. If the unteased end of the tendon 
is so thick that it would tilt up the cover slip, 
separate with needles a small outer portion 
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and tease this out as above; the tissue should 
be kept moist with normal salt solution but 
no more than is necessary should be added. 
Place a small drop of salt solution on a cover 
slip and let this fall gently on the tissue. 
Observe the wavy bundles of fibrillte; the 
outlines of the fibrillse are not very distinct 
but they may be seen to run parallel to one 
another; owing to their small size and to 
the cementing substance between them 
special preparation is required to isolate the 
individual fibrillae completely. 

Irrigate with acetic acid (1 to 5 p.c). The 
fibrillaa disappear, and the whole tissue swells 
up into a transparent gelatinous mass, in 
■which hardly anj*thing can be distinguished 
except a few elastic fibres similar in general 
characters to those of A. 1, but much finer.' 

Pull up with fine forceps the thin connective 
tissue lying between the muscles of the thigh 
of a rabbit or frog, cut off with scissors a 
small piece and tearing it as little as possible 
spread it out on a slide with the aid of needles, 
breathing on it if necessary to prevent it from 
drying. Mount as in § a or press a dry cover- 
slip gently on the film and allow saUne 
solution to run under the cover-slip; thus 
the film is kept extended. 
Itischieflycomposed of wavy bundles of fibril- 
Ice similar to those seen in (6) ; the bundles 
are of various sizes and run across one anothtdr 
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in all directions. Some small elastic fibres 
running singly will also be seen, their out- 
lines are more distinct than those of the bun- 
dles of white fibres ; they sometimes branch 
and sometimes anastomose where they cross 
one another. Where the film is well stretched 
the elastic fibres run for the most part quite 
straight, elsewhere they are curled at their 
ends and have a more or less sinuous coiurse. 
If there is any doubt as to which fibres are 
elastic, irrigate with acetic acid, cp. (6). 

{L To make evident the corpuscles, take a 
rather large piece of the film and let the 
edges partially dry so that it may stick to 
the glass slide ; add a drop or two of a strong 
solution of Spiller's purple in water or in 30 
p.c. alcohol, in a few minutes wash away the 
excess of the purple with water from a pi- 
pette, and mount in water. 

B. CoNNEcrnvB-TissuE Corpuscles. 

1. Take a piece of the thin expansion of a tadpole's 
tail preserved in chromic acid "2 p.c. Gently 
break up a piece in glycerine. Where the hex- 
agonal cells of the epidermis have broken away, 
the homogeneous matrix may be seen, imbedded 
in which are many blood-vessels and a number 
of stellate cells. 

The larger dark stellate cells are pigment-cells, 
the smaller stellate cells are connective-tissue 
corpuscles^ each of which consists of a nucleus 
and a branched protoplasmic body. Their pro- 
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ceases divide much, but irregularly, and commu- 
nicate with the processes of other celb. 
Take a frog, of which the brajn and spinal cord 
have been destroyed', squeeze the side of the 
head gently to make the eye bulge out, then 
slice boldly at the edge of the cornea ; if it is not 
completely separated, take up the edge with 
forceps, and cut through the cornea with scissors 
at its junction with the sclerotic ; in doing this 
remember that the success of the preparation 
greatly depends upon the cornea being placed 
in gold chloride without having been dragged 
or pulled about; any blood which may be on 
the cornea should be removed by placing it in 
a watch-glass containing normal saline solution 
and very gently brushing it with a camel-hair 
bmah. Put it in gold chlonde "5 p.c. solution 
for twenty to forty minutes, wash well with 
water, transfer to water just acidulat-ed with 
acetic acid, and expose to light'. When the 
cornea has become of a red- or blue-violet colour, 
put it on a slide with glycerine, and brush or 
scrape both surfaces to remove the epithelium, 
then mount in glycerine and examine it under 
a high power. Where the hexagonal surface 
epithelium has been removed, there will be seen 
stained connective- tissue corpuscles, with numer- 
ous fine branching processes which anastomose 
with the similar processes of neighbouring cells. 

' Sob Appendii. 

' Fmbabl}' it nill not be Etaiaed nntil the following day. By the 
tartttrio BoiiJ method (op. Appendli) the Btaiaing is quidier. 
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This preparation should be preserved to shew the 
nerves of the cornea (cp. Less. X* C. § 2). 

3. Break off the tip of the tail of a mouse or young 
rat just killed, and pull out from the stump a 
bundle of fine tendons. Gently stretch this over 
a glass slide from edge to edge, and hold it in 
this position till the edges are dry, putting a 
drop of normal saline solution in the middle 
only ; the fibres are thus kept extended. Cover 
with a cover-slip. On examination the bundles 
of wavy fibrillae will be seen, but no corpuscles. 
Slowly irrigate with acetic acid 1 p.c, watching 
the bundles the while under a high power. Be- 
tween the bundles of fibrillae will be seen rows 
of cells. Note in each the round or oval nucleus, 
the rectangular outline of the cell, and the 
granular cell-substance. Indications of flange- 
like lateral processes may be seen as lines run- 
ning along the cells in the direction of the tendon. 
After the acetic acid has been added for some 
little time the cell-substance becomes very indis- 
tinct, and between the swollen bundles scarcely 
anything is seen but rows of elongated irregu- 
larly shaped nuclei, (cp. Action of acetic acid 
on cartilage cells. Lesson IV. § 2.) 

4 Cut transverse sections of a tendon which has 
been placed in 80 p.c. alcohol for a few hours 
and preserved in 75 p.c. alcohol, imbedding (cp. 
Less. VI. § 1) if satisfactory sections cannot 
otherwise be obtained: mount in dilute glycerine. 
Observe 
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a. The fasciculi separated from one another by 
a small amount of connective tissue. 

6. In each fasciculua the thin branched tendon 
cells between the bundles of fibrillte of the 
tendon. The processes of neighbouring cells 
not infrequently join. 

Dissect back a piece of skin of a recently killed 
young and fasting rat or other animal, and into 
the subcutaneous tissue attached to this inject 
a '3 p.c. solution of gold chloride with a Pravatz 
syringe, until the fluid begins to exude. Let 
this stay for a few minutes, and before the 
swelling produced subsides snip off with a sharp 
pair of scissors one or two pieces as thin as 
possible, and place them in a watch-glass con- 
taining three parts of water and one part of 
formic acid 1"06 ap. gr. When the pieces are well 
coloured, which will probably be in two or three 
hours, shake them gently in a glass containing 
distilled water, then mount in the manner given 
in A. § 2 c, but in acid glycerine'. The pre- 
paration will improve in a day or two. Observe 
a. The leucocytes scattered about between the 

bundle of fibres; the fibrous bundles will be 

more or less swollen up by the formic acid, 

and 50 not offer sharp outlines. 
h. Connective-tissue corpuscles rather larger 

than the leucocytes, and having processes 

1 Gljoeriue oontaiuiog 1 p.o. fonoio acid. 
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which, in some cases, are seen to be connected 
with the processes of other similar cells, (cp. 
B. §§ 1, 2.) 

c. Larger, more rectangular cells, generally 
without evident processes, with oval nuclei, 
lying over the bundles of fibrous tissue often 
in rows or patches; on a side view these 
appear as thin long cells. 
This preparation should be preserved for the 
observation of fat tissue (D. § 5). 

6. Snip off a small piece of the jelly-like subcuta- 
neous tissue in a foetal or new-bom mammal^ 
and mount as in A. § 2, c. 

Note the pale granular cells of various shapes, 
some not unlike those seen in B. § 1. To make 
the cells and their nuclei more distinct stain 
with SpiUer's purple in the manner given in A. 
§ 2 (d), or irrigate with dilute acetic acid watch- 
ing closely the early changes produced. 
This may also serve to shew the development of 
fat-cells (D. § 6). 

7. Note in the section of costal cartilage prepared 
in Lesson iv. § 6 the connective tissue layer out- 
side and closely attached to it forming the peri- 
chondrium ; in places sections of tendons running 
into the cartilage will probably be seen. 

^ An animal jnst killed serves best, bnt one preserved in piorio add 
or Muller*s fluid ^ill answer the purpose ; if it is desired to observe 
the forming fat-cells the animal most not have been transferred to 
alcohol stronger than 50 ^/q. 




COSSECTrVE TISSUE. 

C. Pigment-Cells. 

Pin out on a frog-board one of the webs between 
the toes of the frog used in B. § 2, and observe 
first under a low and then under a high power. 
There will be seen large corpuscles loaded with 
dark pigment, and possessing numeroua branched 
processes. In some places the pigmented cells 
will appear as round dots, the processes in this 
case having been retracted. Every intermediate 
stage between these two states may be observed 
by watching from time to time. 



:. Fat-Cells. 

1. Cut out a small piece of the omentum, from a 
part containing comparatively little fat. Spread 
it out on a slide and mount it in normal saline 
solution. Observe 

a. Under a low power, the groups of highly 
refractive fat-cells. 

b. Under a high power, the variable size of the 
fat cells, the apparent absence of a nucleus, 
the connective tissue passing between and 
over the cells. 

2. Place a similar piece of omentum in osmie aeid 
1 p.c. for about half-an-hour, wash with water 
and mount in dilute glycerine. Observe that 
the fat-cells are stained a deep brown-black (cp. 
Less. IV. § 5). If the tissue after washing be 
placed in alcohol (preferably 75 p.c.) the tint will 
become much darker. 
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3. Take a small piece of omentum, which has been 
kept for some time in alcohol, and place it in 
hsematoxylin until it has become well stained. 
Wash it with spirit, place it on a glass slide, and 
tease it out if it is too thick. Bemove as much 
of the spirit as possible with blotting-paper. 
Cover the tissue with a mixture of creosote 
(1 part) and turpentine (4 parts), and let it 
remain until it is completely transparent, chang- 
mg the fluid and gently warming if necessary. 
Remove the excess of turpentine, cover the tissue 
with a drop of Canada balsam, and put on a 
cover-slip. 

Observe the groups of cells from which the fat 
has been thus removed. Note the shrunken 
outlines of the cells, the marked membrane, and 
the presence in each cell of a deeply stained 
nucleus. A small amount of protoplasm, also 
stained, may be seen as in § 4. 

4. In the gold chloride preparation of sub-cutaneous 
tissue made above (B. § 5), observe 

The network of capillaries in a small collection 

of fat-cells. 

The large, flat, connective-tissue corpuscles (B. 

§ 6, c) in greater quantities near the groups. 

When the fat-cell group is spindle-shaped, these 

may often be seen proceeding in rows from the 

ends. 

In some fat-cells a nucleus and a small amount 

of protoplasm surrounding the fat may be seen. 

Do not mistake a deposit of crystals in the &t 

for a nucleus. 
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5. Take a piece of tissue as in B. § & but just 
outside the border of a small fatty clump visible 
to the eye. 

Observe the transitional forms between the 
granular cells containing a few small fat 
globules and cells in which hardly anything 
but fat is to be seen. 



?>— ^ 



LESSON VI. 

MODIFICATION OF CONNECTIVE TISSUE 
AND HYALINE CAKTILAGE. 

A. Tkansition to Fibro-Cartilage. 

1. Take a piece of intervertebral cartilage*, which 
has been treated with chromic or picric add and 
subsequently with alcohol, and imbed it in the 
following manner. At one end of a small oblong 
block of paraffin -B* scoop out a small hole ; with 
blotting-paper remove the excess of alcohol fix)m 
the piece of cartilage and place it in the hole so 
that the plane of the uppermost surface is at 
right angles with the plane of the vertebral fece. 
Pour over it a little of the paraffin mixture heated 
so as to be just melted ; remove any bubbles that 
may be present and keep the tissue in its proper 
position by means of a heated needle ; when the 
whole is thoroughly solid pare down the paraffin 

1 Cut off from one face of a vertebra of a rabbit a thin sliee abont 
1 mm. thick, leaving the intervertebral cartilage in connection wifh it ; 
divide the more or less circular piece so obtained into four parts, and 
treat with chromic or picric acid to dissolve the salts (cp. Appendix). 

2 Cp. Appendix. 
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to the surface of the cartilage, at the same time 
bevelling the edges. In cutting the sections, 
cover the tissue and the blade of the razor with 
spirit (for eonvenienoe from a waah-bottle) and 
remove the sections by means of a camel-hair 
brush from the razor to a watch-glass. With 
the platinum "lifter" transfer them to hasma- 
toxjlin and treat as in § 7, Lesson iv. 
It ia to be remembered that if the chromic acid' 
has not been completely removed from the tissue 
the staining will be very imperfect ; in this case 
the sections should be placed in a little Na^CO, 
1 p.c for a few minutes and then washed with 
water before staining. Observe in the sections 

a. The softened bone passing into 

b. The thin layer of hyaline cartilage ; outside 

c. The arrangement of the cartilage cells in 
rows, and the concomitant appearance of 
fibres in the matrix, this gradually but 
rapidly merging into 

d. Fibro-cartilage consisting of bundles of white 
fibrous tissue and of rather large cells arranged 
in rows between the fibrous bands; these cells 
are like the cells of hyaline cartilage and 
each has a thin hyaline capsule around it. 

e. Towards the outer part of the cartilage, the 
capsules and cells become smaller and more 

' Mnller's flnid, potasaiam bichromate and ammonium biohromate, 
at aimilarlj he complete!; removed Frum tissuei n-hlch are to be 
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elongated, the capsules disappear, and so the 
fibro-cartilage merges into 
/. Connective tissue. 

The fibro-cartilage does not form one continuous 
band connecting the vertebra, but passes in 
parallel bundles, between and at right angles 
to which are tendinous bundles which thus 
will be seen in cross sections ; the cartilage 
cells may in some bundles also be absent. 

2. Prepare through the junction of the round liga- 
ment and head of the femur in a young animal 
a section parallel to the direction of the fibres. 
If the tissue has been treated with picric acid, 
stain the section in picrocarmine ; if in chromic 
acid, with hematoxylin. Observe as the ten- 
don approaches the cartilage the transition of 
the flat rectangular branched cells of the ten- 
don to oval fuller cells with round nuclei. Note 
the gradual disappearance of distinct fibres and 
their replacement by a hyaline matrix, the cells 
at the same time becoming scattered. Thus 
the tendon passes into fibro-cartilage, and fibro- 
cartilage into hyaline-cartilage. 

B. Transition to Elashc Cartilage. 

Dissect out the arytenoid cartilage of a sheep, 
preserved in alcohol, and cut out a small piece 
of the tissue immediately above the hyaline 
cartilage, and together with a little of the 
hyaline cartilage itself. Imbed, and cut sec- 
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tions, including the hyaline cartilage and the 

tissue above it. Stain with picrocarmine and 

mount in glycerine. Observe 

a. That at the Upper surface of the hyaline 
cartilage, the matrix becomes granular, and 
the granules are arranged in rows, which then 
often have less the appearance of rows of 
granules than of granular fibres ; these may 
be traced into ordinary fine elastic fibres, 
which increasing in quantity, form 

J. The elastic cartilage in which the cells 
stained red with carmine are similar to 
those of hyaline cartilage ; they have thin 
clear outlines around them, the capsules, and 
these are surrounded by a mesh work of elastic 
fibres stained yellow with picric acid lying in 
a. varying quantity of matrix. This meshwork 
niay have not so much the appearance of 
distinct elastic fibres, as of a system of thick 
bars, recalhng in general feature parenchy- 
matous cartilage. 

c. Above (6) ordinary loose connective tissue, 
note the transition of the elastic cartilage 
into this by the elongation of the cells and 
the breaking up of the elastic fibres into 
loose bundles and the appearance in those 
of white fibrous tissue staining red. 



LESSON VII. 

BONE, OSSIFICATION, TEETH. 

A. Structure op Bone. 

1. Examine under a low power prepared transverse 
sections^ through the shaft of a long bone. 
Most of the smaller spaces (ie. Haversian canals, 
lacunse, canaliculi) will be filled with air or 
debris and will therefore appear dark. Observe 

a. The central cavity surrounded by a small 
amount of spongy bone which is arranged in 
a network with rather large irregular spa<5es 
(Haversian spaces); externally the spongy 
bone passes into the compact bone : note the 
transition from the Haversian spaces to the 
Haversian canals. 

b. In the compact bone the Haversian systems, 
each consisting of a Haversian canal sur- 
rounded by concentric lamella which are 
chiefly marked off from one another by the 
lacuna which lie between them. 

^ It is simplest to buy these sections. 
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c. The intersystemic lamelbe between the 
Haversian systems ; in the outer part of the 
bone these run for the most part parallel 
with the surface. 

d. In the spongy bone the lamellae run in the 
main concentric to the spaces. 

Examine the specimen under a high power. 
Observe 

a. The irregularly fusiform lacunte giving off 
numerous wavy branches, the canallcull, 
which run across the lamellae to join the 
similar branches of neighbouring lacunse. 

b. In the compact bone, canaliculi open into the 
Haversian canal; in the spongy bone into the 
Haversian spaces and cantral cavity. 

Examine with a low power prepared longitudinal 
sections of the shaft of a long bone. Observe 

a. The Haversian canals running in the main 
parallel with the surface of the bone, they 
have connecting branches and in places open 
ou the surface and into the central cavity. 

b. The lamelliB running for the most part 
parallel with the Haversian canals. Here 
and there a Haversian system may be cut 
obliquely, in such cases the lamellsB will be 
concentric to the canal. 

Examine the specimen under a high power. 
The individual lacunae are much as in the trans- 
verse section, but rather longer ; observe the 
arrangement of the canaliculi (cp. § 2), 
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5. Prepare transverse sections through the shaft of 
a long bone which has been decalcified\ Stain 
with picrocarmine (cp. Lesson rv. § 6). Wash 
with water and mount in glycerine. Observe 
that 

a. Each lacuna is occupied by a cell or bone 
corpuscle. 

6. The canaliculi are scarcely visible. 

c. The Haversian canals and spaces are occupied 
by cells, connective-tissue fibres and blood- 
vessels (red blood corpuscles if present will 
be stained yellow). 

d. If the tissue of the central cavity has not 
fallen out of the section, it will be seen to 
consist of fatty tissue. 

e. The periosteum is closely attached to the out- 
side of the bone; it consists externally chiefly 
of white fibres, internally largely of small 
elastic fibres some of which may be seen to 
run into the bony matrix. 

6. Take a bone (e-g. the parietal) which has been 
decalcified by nitric or hydrochloric acid, well 
washed with water and preserved in spirit; 
remove the periosteum, tear off from the surface 
thin strips of the bone matrix and mount them 
with the inner side uppermost in water. Under 
a high power note the perforating fibres pro- 
jecting fi:om the surface and the apertures 
through which similar fibres have passed. 

^ Cp. Appendix for methods of decalcification. 
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Examine carefully the thinnest part of the strip 
(containing fewest lamella) for the fine decua- 
sating fibres of the matrix ; add acetic acid, both 
the perforating and decussating fibres swell up 
and become indistinct or lost to riew. 



B. Ossification. 

1, Cut a longitudinal section through the head of 
the femur of a newly-bom rabbit, cat, etc. The 
femur should have been divided longitudinally 
into four parts, and treated with picric or 
chromic a«id to harden it and to dissolve the 
salts. Stain the sections with eosin or picro- 
carmine, wash with wat«r, place first in dilute 
and tiien in strong spirit, clear with creosote and 
turpentine' (or turpentine alone) and mount in 
Canada balsam (cp. Lesson IV. footnote). Observe 

a. The normal hyaline cartilage. 

b. The cartilage cells arranged in rows. Note 
that many of the cells in section are tri- 
angular, the broad side of one lying above 
the angle of the other ; this indicates an 

1 The oreoaote and tozpeatme is used sinee it diBaoIves an; 
paraffln that may be attached to the tissue (bom the imbedding), 
makea the tissnetraDaparent, and miiea well with the CaDadabalaam; 
cftibolia aoid may be aeed instead of the creosote, it ia cheaper but 
does not disBoWe the paraffin mixture quite ao readil]'. Clove oil 
causes less slirinkini; in many tissues than creosute and turpentine, 
but it ie much dGarer than olther of them and does not dissolve the 
paraffin mixture in the cold. The clearing of the sections takes place 
more readily and oertainly if they are placed toe a tew minutes in 
absolute alcohol before they are placed in the clearing agent. 
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origin of two cells from one by oblique 
division. 

c. A layer of cells much larger than the previous 
ones^ with clear cell-substance (in the speci- 
men probably shrunken) and a distinct 
nucleus ; they are also arranged in ro¥rs and 
have only a small amount of matrix between 
them. 

d. The large irregular cavities below this layer 
surrounded by bone matrix, and containing 
many osteoblasts^ cells very similar in ap- 
pearance to white blood corpuscles, but 
larger, most of them are in contact with 
the bone matrix. In the centre of some of 
the cavities may also be seen a blood-vessel 
with surrounding connective tissue. 

e. Osteoclasts may be seen here and there in 
contact with the bone matrix ; they are large 
multinuclear cells, and where they touch the 
bone are often striated at right angles to the 
surface. 

2. Imbed a piece of the shaft of any long bone' of a 
foetal mammal that has been preserved in picric 
or chromic acid, any remaining salts in the bone 
may be extracted by placing it for a day in spirit 
containing *5 p.c. nitric acid. Cut transverse 

1 Instead of these, sections may be made of the lower jaw of a 
foetal mammal ; the developing sub-maxillary bone shews admirably 
the osteoblasts and osteoclasts but the section is confusing to 
bqjinnem owing to the number of other tissues present. 
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sections and stain them with picrocarmine, and 
mount in glycerine or Canada balsam. Observe 
a. The perioateum consisting externally of 
coarse connective tissue, internally of fine 
connective tissue with numerous cells. 
h. The trabecule of the bone matrix, exter- 
nally these give off numerous small projec- 
tions into the inner layer of the periosteum. 

c. The osteoblasts forming a layer on the 
outer surface of the bone matrix ; some wilt 
also be seen on the trabeculie throughout the 
section ; note the fine connective tissue and 
the blood vessels in the trabecular spaces. 
Many of the osteoblasts especially in the ex- 
ternal layer are elongated and their smaller 
ends appear to run into the matrix, 

d. Some osteoclasts as in § 1, e. may be seen, 

C. Stbuctuee op Teeth, 

1. Examine under a low power longitudinal sec- 
tions of teeth prepared in the same manner as 
bone in B. Observe the dentine surrounding 
the pulp cavity, the cement or crusta petrosa 
covering the dentine of the fangs, and the 
enamel covering the dentine of the crown. 
Note the general arrangement of the dentinal 
tubules, 

2. Examine under a high power the same section, 
and study in detail 
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a. The Dentine. 

a. In the matrix, apparently homogeneous, are 
numerous dentinal tubules whidii run in a 
wavy course from the pulp-cavity outwards. 
These, dividing as they go, and giving off 
many anastomosing lateral branches, finally 
end either in loops or in smaU irregular 
cavities, the so-called interglobular spaces, 
on the surface of the dentine. 

/3. In some places the dentinal tubules are cut 
transversely. Here the central dark spot in- 
dicates the space formerly occupied by the 
dentinal fibre, the ring round this is the 
dentinal sheath, 

b. The Cement or Crusta Petrosa. 

a. This differs little from bone, but Haversian 
canals are generally absent. 

^. The canaliculi of the lacunae, next to the in- 
ter-globular spaces, open into these, thus 
bringing the dentinal fibres into connection 
with the bone-corpuscles. 

7. Where the cement is massive, wavy 'contour' 
lines may be seen, indicating the successive 
deposits. 

c. The Enamel. 

The striated enamel fibres or prisms are 
arranged in sets, perpendicular to the sur- 
face of the dentine. In mounted specimens 
the indications of the separate fibres are 
generally not well marked, but are visible at 
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places. The line of junction of the enamel 
and dentine is generally very conspicuous, in 
consequence of a change of level in the 
specimen, the dentine having been ground 
thinner than the harder enamel The enamel 
is frequently split or cracked. 

3. Examine prepared transverse sections of Teeth, 
taken at different heights, and compare with the 
above. 



LESSON VIIL 

STRUCTURE OF CONTRACTILE TISSUES. 

1. Cut off the head of a frog which has just been 
killed, remove carefully the lower jaw and upon 
the mucous membrane of the roof of the mouth 
pour a little osmic acid 1 p.c. (before doing this 
a small piece of the membrane may be cut out 
to serve for § 2). Cover up the preparation and 
leave it for about half an hour^ then scrape a 
small area of the mucous membrane and tease 
out the flakes so obtained in water or in dilute 
glycerine, putting a small piece of paper under- 
neath the cover-slip to avoid pressure. Examine 
under a high power. Groups of ciliated cells 
intermingled with mucous (goblet) cells will be 
seen; neglect the latter, note in the former 

a. The shape of the cell varies, it often branches 
irregularly at its attached end. 

^ Or the mucous membrane after treatment with osmio add as 
above may be gently washed with water to get rid of the fumes of the 
acid, removed with forceps and scissors, pinned out with hedgehog 
quills and placed in osmic acid 1 p.c. for 1 to 24 hours as convenient. 
The oesophagus and the mucous membrane of the floor of the mouth 
which also have cilia may be similarly treated. 
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The free surface ia denaely studded with 
cilia. The ciUa aeeu in profile appear to 
fona a row, but when a cell ia seen in face, 
they are foreshortened into mere dots and 
are seen to be spread over the whole surface. 

c. The nucleus is not very obvious but may, 
■with its nucleolus, be made out; the cell- 
substance is somewhat granular but has a 
non-granular, hyaline border just below the 
dlia. 

Cut out a small piece of the same membrane in 
a recently killed frog, place it on a slide, from a 
portion of it scrape off the epithelium and tease 
out the scrapings in normal salt solution; with 
this mount the unteased portion of membrane 
putting a fragment of paper underneath the 
cover-ahp. Note 

a. In the unteased portion the shimmeriug ap- 
pearance caused by the movements of the 
cilia. 

6. The movements of the cilia in the isolated 
cells or clumps of cells. Observe carefully the 
cilia which are moving slowly; it may be 
seen that the down-strobe (contraction) takes 
place more quickly than the return (relaxa- 
tion) ; there is no perceptible pause between 
the two movements. 

c. The results of ciliary action. Granules and 
blood-corpuscles are driven along; detached 
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cells may also be seen carried about by the 
action of their own cilia. 

c2. The contracted, almost globular form of the 
cells which have been set free. 

S. Tear off the smallest possible strip of a ftog'B 
muscle, which has been kept extended and 
preserved in alcohol, and tease it out as finely as 
possible in dilute glycerine. Note 

a. The varying size of the fibres. 

b. The striation of the fibres : alternate dim and 
bright cross-bands passing through the whole 
thickness of the fibre. 

c. The breaking up of the fibre into fibrillae, 
the latter also striated. Try to obtain as 
fine fibrillsB as possible. The fibres sometimes 
split transversely into discs ; this is usually 
the case when the muscle has been preserved 
in picric acid ; the surfaces of the discs ap- 
pear dotted. 

4. Cut through the skin of the firont of the thigh 
of the frog used in § 2, note the sartorius muscle 
running somewhat obliquely across the thigh 
from top to bottom, seize with forceps the con- 
nective tissue lying along its inner border in the 
upper part of the thigh and tear this back to 
the knee, remove similarly the connective tissue 
at its outer border, thus the tissue covering the 
muscle will also be removed. Take up with fine 
forceps a few fibres at one end of the muscle, and 
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gently pull them out to the opposite end. Lay 
them on a glass slide, and separate them a little 
in the centre, place a bristle across them and 
press gently ; remove the bristle, put on a cover- 
Blip and let a drop of normal saline solution run 
underneath it (cp. method, Leason V. A. § 2 a, c). 
Where the bristle was pressed on a fibre the 
muscular substance will be seen in many cases 
to be broken across leaving its delicate trans- 
parent sheath, the sarcolemma, stretching across 
the gap ; an indication of the sarcolemma as a 
fine line bulging out from the muscle substance 
may also be seen where a fibre ia bent. 

5. Irrigate with acetic acid -5 p. c. and observe 

a. The fibrea at first become cloudy and semi- 
opaque. 

b. The precipitate causing this cloudiness is 
after a while dissolved, and the fibrea be- 
come more transparent than normally. 

c. The nuclei of the fibres come into view scat- 
tered throughout the muscle substance ; they 
are elongated in the direction of the fibre: 
lines of granules proceeding from their ends 
may usually be seen. 

6. Cut through the skin in the mid ventral line in 
a small &og, lift up the flap of fikin on one side 
over the middle of the sternum, a thin band of 
muscle will be seen running from the skin down- 
wards towards the lower part of the stetnvLni, 
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Cut through the skin above and below the muscle, 
and tear away the connective tissue around it, 
then, keeping it stretched, pour a little 1 p.c. 
osmic acid over it. In a minute or so the muscle 
will be fixed ; with fine forceps tear away carefully 
from the muscle any connective tissue that can 
be seen on its surface and cut it out being care- 
ful to cut the upper end as close as possible to 
- the skin ; place it in osmic acid for a few minutes, 
wash with water, mount it in either dilute 
glycerine or after treatment with alcohol etc. 
in Canada balsam, keeping that sur&ce upper- 
most which was next the body. (This specimen 
should be preserved for examination later. Lesson 
X. C. § 1.) 

Observe at the upper end of the muscle the 
endings of the muscular fibres, these will prob- 
ably be covered by a good deal of connective 
tissue, but the rounded or conical ends of the 
muscle-substance of the fibres and the continua- 
tion of the sarcolemma into the connective tissue 
(tendon) will be seen. 

7. Remove with as little injury as possible one of 
the thin muscles from the leg of Hydrophilus^ 
tease it out a little without adding fluid and 
mount as in § 4. The fibres will for a brief period 
be seen in a normal condition. In many, the 
alternate dim and bright striae will be very dis- 

^ If not obtainable, take the large common water-beetle (Dytiscos 
tnarginaliB), or failing that a cockroach or a fly. 
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tinct; in others the transverse markings wil] be 
more or less obscured by an appearance of longi- 
tudinal fibrillation. Occasionally fibres are met 
with, having only a confused granular aspect. 
If the preparation has been successfully made, 
waves of contraction may, at times, be seen to 
travel along the fibres. 

Observe in the fibres with distinct transverse 
striation, that, 

a. The dim band has a faint longitudinal stria- 
tion, as if made up of small rods. 

b. The bright band shews a dotted line running 
across its centre, thus dividing it into two 
parts. If the preparation be good, and a 
high magnifying power be used, this may be 
seen to consist of two rows of dots. 

c. The usually round nuclei, imbedded in a 
granular mass of protoplasm ; the whole 
forms a band or rod running a variable 
distance in the substance of the fibre (cp. 
§5c). 

8. Imbed a small piece of mammalian muscle, 
hardened in chromic acid '5 p.c,, and cut trans- 
verse sections, stain with hfematoxylin, and mount 
in glycerine. Observe 

a. The connective tissue (perimysium) around 
the bundles of fibres and around the whole 
muscle, from this runs a small amount of 
connective tissue (endomysium) between the 
muscle fibres. 
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h. The cut ends of the fibres are finely dotted 
corresponding with the fibrillae; sometimes 
the cut ends are divided into larger polygonal 
ajreas (areas of Cohnheim), this appearance is 
produced by the hardening agent. 

c. The nuclei lying just beneath the sarcolemma, 
few or none being imbedded in the muscular 
substance of the fibres (cp. § 5 c). 

d. In some part of the section, the fibre-fi:Bg- 
ments may be turned over and lie length- 
ways ; in these the striation and tendency 
to break into fibrillas may be noticed as in 
frog's muscle. 

9. Remove the peritoneum from a part of the 
intestine of a recently killed mammal, and tear 
oflf with fine forceps a strip as thin as possible of 
the longitudinal muscular coat Place this in 
potassium bichromate •! p.c. or in 30 p.c. alcohol 
for two days, wash with water, stain with picro- 
carmine, wash and tease out in dilute glycerine. 
Note 

a. The isolated fibre-cells. These are long, and, 
when not broken off in the preparation, fusi- 
form masses of hyaline or faintly granular 
protoplasm. They appear very much thinner 
when seen in one direction than in another ; 
that is to say, they are much flattened In 
the middle of each fibre an elongated nucleus 
will be seen stained deeply. In the neigh- 
bourhood of the nucleus, especially at its 
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ends, granules are more abundant in the 
protoplasm. 
b. The arrangement of the fibre-cells in bands 
and sheets: the fibres may frequently be seen 
projecting like a palisade from the torn end 
of a band, 

10. Take a small atrip of unstriated muscle as in § 
and tease it out in salt solution. 

The sheets and bands of the tissue are fairly 
transparent, the individual fibre cells are scarcely 
visible. Add acetic acid, "1 to '5 p.c, the cells 
become for a short time somewhat more obvious, 
and the nuclei very distinct, often showing one 
or two nucleoE 

11. Make longitudinal vertical sections of the mus- 
cular coats of the cardiac end of a cat's or dog's 
stomach. The tissue should have been pinned 
out, placed in Miiller's fluid for two to four weeks 
and then treated with alcohol. Stain with 
carmine or hiematoxylin and mount'. Observe 

The cells are arranged in bundles, probably 
this will be distinct in the inner (circular) 
coat only, the outer (longitudinal) coat being 
cut parallel to the direction of its bundles. 
Note the nuclei of the cells in the inner coat; 
these will be seen in some only of the cella 
and will appear as largish deeply stained cen- 

' When it in indifterent whether a tiisoe be moitot«d ia gljceiine 
in Oanada Balaam, ceitlicr is mentioned ; if balsam is nsed, oC 
Tse the tiBEue must be treated with creosote, etc. (cp. p. 7S). 
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tral spots. (This section should be preserved 
for examination later, Less. xvi. A. § 3.) 

The reduction of nitrate of silver by the cement 
substance between the muscle cells will be seen 
later. Less. xii. C. § 4. 

12. Tease out thoroughly a small portion of cardiac 
muscle preserved in potassium bichromate \ 
Note that 

a. The striation is less distinct than in skeletal 
muscle. 

b. No sarcolemma is present. 

c. At short intervals along the fibres are not 
very distinct transverse bands of hyaline 
cement substance, this joins together the 
muscle cells of which the fibres are composed. 
At about the centre of each muscle cell is 
a nucleus. (The nuclei will become more 
evident if the tissue be stained with alum- 
hsematoxylin or picrocarmine.) 

d. The isolated muscle cells may frequently be 
seen to have a short obliquely running pn)- 
cess ; in the fibres the processes of the cells 
are joined to other similar processes by a 
little cement substance, forming thus the 
anastomoses of the fibres. 

^ Good preparations can also be obtained by the following method 
(Banyier). Thin sections in the direction of the fibres are oat from a 
fresh heart, placed in chromic add *02 p.c. for one day, then washed 
well with water, placed in picrocarmine for one or more days, washed 
and mounted in acid glycerine. 
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DEMONSTEATIONS. 

1. The structure of a living muscular fibre of an 
Insect as seen under a high power. 

2. The appearances of muscular fibre under polarised 
Hght 



LESSON IX. 

PROPERTIES OF CONTRACTILE TISSUE. 

1. Constant Current. 

Destroy the brain and spinal cord of a frog and 
make a longitudinal incision through the skin of 
the back of the thigh. With fine-pointed scissors 
cut through the connective tissue between the 
large semi-membranosus muscle and the small 
biceps: the former lies on the inside of the thigh, 
the latter is seen along the outer and lower 
border of the semi-membranosus. The sciatic 
nerve and the femoral artery will come into view; 
at about the upper third of the thigh, the artery 
will be seen to give off two small transverse 
branches running, in the position of the frog, over 
the nerve; from this point down to the knee, 
isolate the nerve by tearing away with a "seeker" 
the connective tissue around it ; if the tissue is 
resistant it is better to lift up the nerve with a 
seeker and to cut through the connective tissue 
with fine scissors. Be careful not to pinch the 
nerve with the forceps, nor to put more strain 
upon it than is absolutely necessary, and further 
not to puncture the artery. 
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Take a pair of electrodes which have their pla- 
tinum points exposed on one side only, and 
connect them with two Darnell's cells arranged 
in series (Le. with the copper of one joined by 
means of a wire with the zinc of the other) in- 
terposing a key' to short circuit the current. 
Instead of Daniell's cells any other cells of t 
responding strength may be used. 
The key being shut", place the electrodes under 
the nerve so that the nerve, and the nerve only, 
touches the platinum points, then open the key, 
so as to allow the current to pass into the nerve, 
and after a few seconds shut it again. A move- 
ment in the leg caused by contractions in the 
muscles to which the nerve is distributed, will 
be seen when the key is either opened or shut, 
or on both occasions. Save in exceptional cases, 
there is no movement during the passage of tha 
current through the nerve, hut only when the cur- 
rent is thrown into or shut off from it (the current 
being supposed to be tolerably constant). Do 
not repeat this experiment more than once or 
twice on the same nerve, lest it be too much ex- 
hausted for the succeeding observations. 



' Cp. Appendix for a dcsoription of the instrnmentB and for the 
metbods of Uaing them. 

' For contBnienne of deaoription the tnrms ' Bhnt ' and ' open ' 
which apply to a Du Bois BeTCiond kc? are need, bnt it the student 
lemembera tliat to ehnt the key is to let the onrrent pass throagh it, 
and to open the key is to brenk the ouirent passing through it, he Till 
have no ditTLciilty in usung a Moras or other key in the pUoe of that 
o( Du Bois Reymund. 
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Slng^le Induction Shocka. 

Now connect a Darnell's cell with 
of the primary coil interposing a Jtey to break 
the current, connect the electrodes with the 
secoudaiy coil of a Du Eois Reymond's in- 
duction machine', place the marker of the 
condary coil at 10 on the scale, and, the frog' 
leg being at rest, shut and open the key sevi 
times. 

At each shutting and opening of the key, L e. 
each momentary induced current, a single sharp' 
movement of the leg will take place. The 'single 
induction shock' causes a single contraction or 
apaam. of the muscles of the leg. If the nerve 
slips off the electrodes during the movemenl 
be careful not to pinch it in replacing it. 
If good contractions are not obtained with thi 
secondary coil at 10. push it up gradually ovt 
the primary coil, one division at a time. 

Shut and open the key as rapidly as you < 
for a few seconds. The contraction of the muscleg 
taking longer time to develop than the induct 
current, each contraction will take place beforel 
the preceding has disappeared, and the leg will! 
remain rigidly contracted, or nearly so, as longjH 
as the breaking and making of the primary cm 
rent is kept up. In other words, tetanus is pro 
duced. This is however more easily broughu 
about as follows. 

' Cp Appendix. 
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Interrupted Current. 

Introduce into the secondary circuit a key to 
short circuit the current, and remove the wires 
of the Daniell's cell from the screws at the top 
of the primary coil to those at the base'. The 
machine should work in such a way that im- 
mediately the key in the primaiy circuit is put 
down the hammer is at once thrown into oscilla- 
tions (as indicated hy its noise). The key in the 
secondary circuit being open, shut the primary 
key. Immediately that the sound of the hammer 
is heard, the leg is thrust out straight by the 
tetanic contractions of the muscle, and remains 
so as long as the current continues to be thus 
made and broken. Open the primary key; at 
once the limb becomes flaccid and quiet. The 
' interrupted current ' should not be applied for 
more than a few seconds. 

Chemical Stimulation. 

Expose the heart (cp. Less. u. A. § 1), and bleed 
the frog hy cutting across the aorta. Cut through 
the tissue above the sciatic nerve up to a quarter 
of an inch beyond the end of the urostyle, and 
there cut it across, with scissors and seeker isolate 
the nerve up to the cut. Let the extreme end 
of the nerve dip into a saturated solution of 
sodium chloride ; watch the leg. 
In a variable time twitchings of the toes will be 
Been, and after a while these will increase in 

1 Cp, Appendix. 
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vigour and will extend over the limb until i 
becomes almost as rigid as iu § 4. 

Mechanical Stimulation. 

Cut off the part of the nerve which has beenJ 
dipping in the salt solution; the chemical sti-^ 
mulus being thus removed, the leg will beeomel 
flaccid again. 
Pinch the remaining nerve sharply with a pair I 
of forceps several times. At each pinch thef 
muscles of the leg will contract The pinchin 
kills or injures the part of the nerve pinchedd 
hence it is necessary to begin at the cut end, 
and work down towards the muscle. 
The gastrocnemiua muscle of this leg may 
used for § 13, b. 

Conre of Single Muscular Contraction. 

Place the frog on a glass or porcelain plate ; on I 
the left side cut through the skin at the back of 1 
the thigh and carry the skin cut half way up I 
the back. Lift up the urostyle and cut throughl 
the muscles attached to its lower half, thenj 
holding it well up cut through the muscles 
tached to its upper half: it is as well to avoid-1 
cutting the 10th nerve which runs along the! 
under surface of the muscles. Note the 7th, 8tli,,i 
9th and 10th nerves which unite to form thej 
sciatic; with strong scissors cut away the uro*! 
style and cut through the vertebral column.! 
above the 7th nerve : lift up the lower piece o 
the vertebral column and without injury to the I 
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nerves of the left side cut away the rest of the 
tissue attached to it. Then lifting up the piece 
of bone without Btretching the nervea, cut 
through with scissors the tissue attached to 
them, follow the nerves on to the sciatic and cut 
through the tissue above and attached to the 
Bciatic including the branches given off by the 
nerve ; isolate thus the sciatic down to the knee. 
Letting the nerve rest on the muscles of the 
thigh, cut through the skin of the upper part of 
the thigh ; seize the flap of ekin with stout 
forceps, and tear it away from the leg aa far a 
the foot. Placing the norve on the muscle 
below the knee cut away the muscles attached 
to the lower half of the femur, and with a strong 
pair of scissors cut through the middle of the 
femur. Cut through the lower (Achilles) tendon 
of the gastrocnemius muscle close to its attach- 
ment to the foot, and seizing the tendon with for- 
ceps tear the gastrocnemius away from the other 
muscles up to its attachment with the femur; 
cut through the tibia and fibula just below the 
femur. The preparation so obtained ia called a 
nerve- muscle preparation'. 
Now pass a hook through the Achilles tendon, 
clamp the femur, and taking up the preparation 



1 When two nerve-mnsole preparations are to ba oblflined from oiio 
frog, the lower part of the vertebral oolumii should be bisected 
loogitudinallj. It 19 perhapB somewhat better not to bleed the frog 
before commencing the dieeeetion, but !□ this 1 
and patience are required to avoid cutting small vessela and b( 
the nerva with blood. 
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by the clamp and by the piece of vertebi 

column, arrango the preparation ia the i 
chamber as in Fig. 2 Appendix Ijoad the len 
with 15 or 20 grammes, and bring the 
to mark on the revolving cylinder. 
Connect the electrodes with the induction ma- 
chine arranged for single induction shocks as in 
§2- 

Set the cylinder rofating at its swiftest speed and 
with the marker of the secondary coil at 10 take 
a tracing of the contraction caused by a break in- 
duction shock (the make shock is prevented 
from reaching the nerve by shutting the key in 
the secondary coil, arranged for short circuiting, 
before that in the primary ia shut; on opening 
in the reverse order the breaking shock passes 
into the nerve). Observe the rapid but steady 
rise to a masimum, passing almost immediately 
into a similar but rather less rapid fall ; the later 
stages of the fall are distinctly less rapid than 
the earlier ones. 

Take another tracing over the previous one with 
the secondwy coil at 5 ; the height of the con- 
traction is somewhat greater. 

Place the secondary coil at 25, the key in the 
secondary circuit being open, shut that in the 
primary circuit and after a short interval open 
it; if no contraction follows shift the secondary 
coil nearer and nearer the primary, stimulating 
at each shift. 
Since the induction shock caused by breaking 
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nerves of the left aide cut away the rest of the 
tissue attached to it. Then lifting up the piece 
of bone without stretching the nerves, cut 
through with scissors the tissue attached to 
them, follow the nerves on to the sciatic and cut 
through the tissue above and attached to the 
sciatic including the branches given off by the 
nerve ; isolat* thus the sciatic down to the knee. 
Letting the nerve rest on the muscles of the 
thigh, cut through the skin of the xippor part of 
tho thigh ; seize the flap of skin with stout 
forceps, and tear it away from the leg aa far aa 
the foot. Placing the nerve on the muscle 
below the knee cut away the muscles attached 
to the lower half of the femur, and with a strong 
pair of scissors cut through the middle of the 
femur. Cut through the lower (Achilles) tendon 
of the gastrocnemius muscle close to its attach- 
ment to the foot, and seizing the tendon with for- 
ceps tear the gastrocnemius away from the other 
muscles up to its attachment with the femur; 
cut through the tibia and fibula just below the 
femur. The preparation so obtained ia called a 
nenre-muBcle preparation'. 
Now pass a hook through the Achilles tendon, 
clamp the femur, and taking up the preparation 

1 When two nerve- mnscle preparaHons are to be obtained from one 
frog, tha lower part ol the vertebral oulumn shoald be bisected 
lODgitudinallf. It ia peihaps Bomenhat batter not to bleed tha frog 
beTore commencing the dissection, but in tbia caae canaiderable skill 
and patience are required to avoid cutting smal] veaselB and bo coverinQ 
the neive with bloud. 
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11. Load the muscle with 50 grammes, allowing the 
lever to write on the* stationary cylinder. Note 
the elasticity of the muscle. The weight when 
applied stretches the muscle to a certain extent, 
but when raised so as not to drag on the muscle, 
the latter returns, at once to almost, and even- 
tually to quite, its former length. Stimulate 
with an interrupted current (coil say at 20). 
Note the amount of contraction. Eepeat this 
with 100, and then with 200 grammes, using in 
each case the same strength of current for the 
same time, moving the cylinder with the hand 
so as to expose a &esh black surface for each 
observation. 

Observe that with medium weights the work 

done (the product of the weight into the height) 

is greater than with very Hght or very heavy 

weights. 

Observe also that the muscle gradually becomes 

exhausted, i.e. the contractions caused by the 

same stimulus gradually become less and less. 

12. Probably the preparation will be nearly exhaust- 
ed; take as in § 7 a tracing of a single muscular 
contraction, and note the dijBference in the form 
of the curve; the rise is less rapiii, the fall 
more gradual, the muscle may take some time 
to regain its original length. 

13. Reaction of MuBcle. 

a. Remove the muscle from the moist chamber, 
place it on a clean glass slide, and apply, 
the electrodes, connected with the induction 
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machine arranged for an interrupted current, 
directly to the muscle. 

Observe that the current applied directly to 
the muscle produces the same effect as when 
applied indirectly through the nerve. To 
completely eliminate the effect of stimu- 
lating the nerves urari should he given to a 
frog the brain of which has been destroyed, 
Tetanize the muscle with currents of increas- 
ing strength until it is completely exhausted, 
pushing the secondary coil right up over the 
primary. 

Cut the muscle across in half, with a quite 
clean scalpel, and press on one section a piece 
of faintly blue, on the other a piece of neutral 
litmua paper. Both will be turned red where 
they come in contact with the muscle. 

b. Dissect out the gastrocnemius from the leg 
used in §§ 1 — 6, and place it for five minutes 
in normal saline solution heated to 50° C. 
Observe that it has become contracted and 
opaque, i.e. rigor mortis has set in. 
Cut the muscle across, and test with litmus 
paper as in a. The muscle will be distinctly 
acid, even more so than the tetanized muscle 



Take a fresh, living gastrocnemius from a frog 
just killed, cut it across as in a and b, and 
test the sections with neutral litmus paper. 
The muscle will be found neutral or faintly 
alkaline. 
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14. Myosin. 

Strip off the muscles from a rabbit or other 
animal and chop them up as finely as possible, 
place them in a large jar filled with water and 
stir ; in about a quarter of an hour place a piece 
of muslin over the top of the jar and pour off the 
water ; fill up the jar again with water and let it 
stand for an hour, then pour off the water and 
refill the jar as before. When this has been 
repeated once or twice the greater part of the 
substances soluble in water will have been re- 
moved ; it is best however to let the muscle stay- 
in water for a day adding a little thymol or 
salicylic acid to prevent putrefaction. The 
filtrate from a small quantity of muscle which 
has been in an equal bulk of water for an hour 
should give no proteid reaction if the muscle 
has previously been thoroughly washed. 
Collect the muscle on linen, squeeze out the 
water, grind it up with clean sand and add 5 
times its bulk of 10 p.c. ammonium or sodium 
chloride, and stirring occasionally place it aside 
for an hour or so (naturally if it is left longer 
more myosin will be obtained). Filter through 
muslin,* through linen, and then through coarse 
filter paper. A somewhat viscid fluid is ob- 
tained; pour this into a tall vessel containing 
about a litre of water and observe the pre- 
cipitate of myosin which takes place (or the 

^ The residue may be again treated with 10 p.o. ammonium 
chloride. 
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fluid as it filters may be allowed to drop into 

■water). 

After a short time decant or draw off with a 

pipette as much fluid as possible, shake up the 

rest and pour about 5 c.c, with the myosin 

suspended iu it into each of three test-tubes. 

a. Add drop by drop a strong (e.g. 20 p.c.) salt 
solution, the precipitate soon dissolves ; then 
place it in a water bath at about 50" C, with a 
thermometer and beat; at about 57° C. the 
fluid becomes milky (or a precipitate is 
formed) owing to the coagulation of the 
myosin. 

b. Add powdered salt, the precipitate soon 
dissolves, but when the fluid is saturated 
with salt ia reprecipitiited (the precipitate 
may be in the form of fibrous-looking clumps). 

c. Dissolve the suspended precipitate in salt 
solution, and test for proteids, e.g. with Xan- 
thoproteic reaction (cp. Less. III. § 16 (a)). 

Myosin belongs to the class of globubns ; it will 
have been seen that it is insoluble in water and 
in saturated neutral salt solutions, soluble in not 
too dilute solution of neutral salts, its solution 
coagulating on boiling (cp. also Less. III. §§ 11, 
13, 17, 18). 

. Syntonln or Acid Albumin. 

Treat a portion of muscle washed as in § 14 
with ten to twenty times its bulk of HCl '1 p.c. 
and place in the warm chamber at about 40" C, 
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frequently shaking. After 3 or 4 hours most of 
the myosin of the muscle will have been con- 
verted into 83rntonin or acid-albumin, and dis- 
solved. Syntonin may be prepared in a similar 
way from white of egg or from serum. 
Filter and carefully neutralize the filtrate with a 
weak solution of sodium carbonate (1 c.c. of HCl 
•1 p.c. requires about 1'5 c.c. of Na, CO, '1 p.c. to 
neutralize it), a copious bulky precipitate of 
syntonin takes place ; if too much alkaline salt 
is added the syntonin will be converted into 
alkali albuminate and redissolved (cp. § 16). 
Filter and wash the precipitate once on the filter 
with water, then break through the filter paper 
and wash the precipitate into a beaker with 
water. The syntonin is thus obtained suspended 
in water. Place 2 c.c. in each of 2 test-tubes. 

a. Add a little HCl '1 p.c., the precipitate at 
once dissolves and is not precipitated on 
boiling; cool under a tap, and test for pro- 
teids e. g. with acetic acid and potassium 
ferrocyanide (cp. Less. IIL § 16). 

6. Boil, cool under a tap, and add a little HCl 
•1 p.c.; the precipitate suspended in the water 
has been coagulated by boiling and is no 
longer soluble in dilute acids. 

16. AlkaU Albuminate. 

Treat a little washed muscle as in § 15 but with 
NaHO '1 p.c. instead of with HCL On neutral- 
izing a precipitate of alkali albuminate will be 
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obtained like that of syntonin ; if too much acid 
is added the precipitate will be converted into 
acid-albumin and re-dissolved. Take in separate 
teat-tubes a little of the precipitate suspended in 
water. 

a. Add a little NaHO "1 p.c. the precipitate at 

once dissolves and is not precipitated by 

boiling ; with the proteid tests a reaction is 

obtained. 

h. Boil, cool under a tap and add a little NaHO 

'1 p. c, the precipitate suspended in water has 

been coagulated by boiling and is no longer 

soluble in dilute alkalies. 

c. Add a little NaHO -1 p.c. and a little sodium 

phosphate, with a drop of litmus solution ; add 

drop by drop dilute HCl ; on neutralizing no 

precipitate takes place, add a little more 

acid a precipitate is obtained, if still more is 

added the precipitate is re-dissolvcd. 

It will have been seen that proteids in solution 

(except peptone) on warming with dilute acids 

or alkalies give rise to acid albumin or alkali 

albuminate respectively, these substances do not 

coagulate on boiling and so differ from albumin 

and globulin, and are insoluble in water and so 

differ from peptone (cp. Less. xvi. C. § 5). 

DEMONSTRATIONS. 

1. The electric cuirents of resting muscle removed 
from the body (demarcation currents) 
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2. The negative variation of the currents of the 
muscle during a contraction (action currents) 

3. The rheoscopic frog 

4. Action of heat and cold on the single muscular 
contraction 

5. Action of veratrin on the single muscular con- 
traction 

6. Curve of elasticity of muscle 

7. Measurement of latent period of contraction 
of muscle by means of pendulum myograph. 



LESSON S. 

STRUCTUUE OF NERVOUS TISSUES. 

A. Spinal Neeves. 

1. Cut off about one-third of an incli of a small 
perfectly fresh nerve (e. g. a branch of the sciatic 
of a frog), and place it on a glass slide without 
any fluid. Fixing one end by pressing on it 
Tsith the blunt end of a scalpel, pass a needle 
through the other end in the direction of the 
nerve fibres, and so spread it out into the shape 
of a fan ; add a drop of normal saline solution, 
and cover with the cover-slip. Observe 
a. The medullated nenre-fibres of variable 

h. In each fibre the double contour, due to the 
medullary sheath or white substance of 
Schwann. 

c. The primitive aheath; this is seen with 
difficulty except at points where the me- 
dullary sheath has been displaced in mount- 
ing. 

d. The connective tissue (endoneurium) running 
amongst and round the nerve-fibros. 



h 
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e. Drops and jfragments of the medullary sheath, 
extending from the cut ends of the fibres and 
shewing a double contour. 

Some non-meduUated nerve-fibres will also be 
seen (cp. B). 

2. Cut off a similar piece of nerve and treat it in 
the same way, but instead of adding a normal 
solution, add a drop of chloroform, and irrigate 
with chloroform as evaporation goes on. 

In the middle of the nerve-fibre the pale granu- 
lar axis cylinder will be seen running through 
the swollen and partially dissolved medullary 
sheath. 

■ 

3. Take another piece of fresh nerve, and place it in 
a small quantity of osmic acid 1 p.c. for ten 
minutes, covering it up to prevent evaporation. 
Remove it to a slide, and separate a small bundle 
of fibres, putting the rest back in osmic acid ; 
isolate the fibres as much as possible, add a drop 
of water, and put on a cover-slip. If it is desired 
to preserve the specimen the nerve should be 
washed with water before teasing and moimted 
in dilute glycerine. 

Select a nerve fibre which is isolated for a con- 
siderable part of its length, and observe 

a. The medullary sheath, stained black with 
osmic acid. 

h. The nodes of Ranvler. These will be 
seen as short but distinct breaks in the me- 
dullary sheath ; with Zeiss obj. D. oc. 2 they 
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occur usually at intervals of about twice the 
diameter of the field, varying considerably, 
however, in different nerves. The axis cy- 
linder may be seen continuing across the 
nodes, 
c. Tbe nuclei of the primitive sheath; one to 
each internodal nerve portion situated about 
halfway between two nodes, and appearing 
as a small transparent elongated body pro- 
jecting usually into the medulla. 
The nuclei ot the primitive sheath may be 
stained by placing a piece of the nerve, after 
treatment with osmic acid, in Frey's carmine 
for two or more days. In such a preparation, 
the cells of the fine coanectivertissue around 
the nerve fibres will also be well seen. 

Stain with carmine a short piece of a rather 
thick nerve which has been preserved in ammo- 
nium bichromat-e 2 p.c. (cp. Less. i. F. § 4 and 
footnote p. 69). Imbed, and cut thin transverse 
sections, treat these with creosote and turpentine 
(cp. p. 75 footnote) and mount in Canada 
balsam. Observe 

a. The cut ends of the nerve-fibres varying in 
diameter, and in each 

b. The section of the stained axis cylinder sur- 
rounded by 

e. A transparent ring indicating the former 
position of the meduUaiy sheath, which has 
been dissolved or made transparent in the 
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process of mounting. If the nerve has been 
kept long in ammonium bichromate the 
medulla will shew an indistinct network 
stained yellow. 

d. The primitive sheath as a limiting circle. 

e. The arrangement of the fibres in bimdles. 
The perineurium around each bundle con- 
tinuous with the endoneurium between the 
fibres. 

B. Sympathetic Nerves. 

1. Cut out from the fresh spleen of a large animal 
(e.g. ox) a small piece of one of the large sympa- 
thetic nerves running alongside the blood-vessels. 
Remove the connective-tissue sheath, and tease 
out the nerve carefully in normal saline solution. 
Note 

a. The scanty meduUated nerve fibres. 

b. The non-medullated nerve fibres consti- 
tuting the bulk of the nerves: they are 
fairly transparent, and often fibrillated, some 
give ofif fibrillae. Add acetic acid to bring 
out more distinctly the small elongated nuclei 
which lie on them at short intervals. 

2. Take a small piece of the sympathetic ner\^e 
from the neck of a freshly-killed rabbit, place it 
in osmic acid 1 p.c. for five or ten minutes, wash 
and stain with strong Prey's carmine or with 
picrocarmine. Tease out in dilute glycerine. 
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Numerous small medullated fibres will ba 
seen mingled with tbe non-medullated fibres. 
Compjire the size of the ineduUat.eil fibres 
here and in the sciatic nerve (A, § 1). 



C. Peripheral Course of Nerves. 

1. In the specimen prepared Lesa. Tin. § 6 : observe 

a. Under a low power, the nerve running across 
the lower part of the muscle and sending off 
fibres or bundles of fibres at intervals and so 
spreading out over it. 

h. Under a high power, that where the lateral 
bundles (especially the smaller ones) are 
given off, one or more of the nerve fibres 
divide into two fibres, the division taking 
place at a node. Trace a small bundle of 
nerve fibres, the nodes are very close together. 
Each nerve fibre apparently ends abruptly 
over a muscle fibre ; in this specimen it can 
only be traced as far as the blackened 
dulla extends. 

2. Make a gold chloride preparation of the cornea' 

^ The meseiiter; ut the frog may be taiien inatcoid of the c 
but it is more difficult to obtain a good prepamtioD. The mesentety 
of tbo loner coil of the Bniall icteiiline is pinned ont with the 
intestine, and placed in gold chloride '5 p.e. for about Jialf-an 
it ia th«n veil washed, the intestine cut away, and the mesenteiy 
eipoaed to light ia acidulated water. The larger nerve bnndles, 
containing a few medullated fibres, accompany the larger arteries 
and form coarse and fine plexuses of non -medullated £bres aa in the 
comeB, but there are maoj more nuclei, even very small fibres 
having nuclei on their course ; varicoae Jibrila like those of the coruem 
will probably not be seen. 
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of a frog as in Less. v. B. § 2 and mount in 
glycerine a sector of it, including its junction 
with the sclerotic. Note 

a. The small separate bundles of nerve fibres 
entering the cornea at its periphery; the 
meduUated fibres on account of their me- 
dulla are more deeply stained than the non- 
meduUated. 

b» Trace as far as possible the course of one of 
the nerve bundles; the medulla soon dis- 
appears, the fibres, still showing nuclei at 
intervals, join with the fibres from other 
bundles to form a coarse plexus; from this 
proceeds a plexus of smaller bands which 
have few nuclei ; finally from this plexus run 
very fine varicose non-nucleated nerve-fibrils 
in straight lines across the' cornea (these fine 
fibrils may also be seen forming part of the 
finer bands of the plexus). 



D. Spinal Ganglia. 

1. Take a mammal's spinal ganglion (e.g. a dorsal 
spinal ganglion of a cat or dog) which has been 
preserved in ammonium bichromate 2 p. c. about 
three weeks, and subsequently in spirit. Prepare 
sections passing through the trunk of the nerve, 
the ganglion, and the anterior and posterior 
roots of the nerve. Stain with haematoxylin or 
carmine, clear (cp. p. 75) and mount in Canada 
balsam. 



STRUCTURE OF NEBTOUS TISSUES. 

Observe with a low power that 

a. The fibres of the anterior root mix with 
those of the posterior root below the gan- 
glion. 

h. Most of the ganglion celU lie outside the 
fibres of the posterior root; some Ue in rows 
between the fibres. 

Observe with a high power 

a. In the ganglion celli the rather granular 

cell-substance, containing a large spherical 
nucleus which often has one or more distinct 
nucleoli. 
h. The many nuclei of the capsule of each 
ganghon cell. 

c. The stained axis cylinders of the nerve fibres. 
(The medulla may show an irregular network 
of substance hardened by the ammonium 
bichroraata) 

d. The nerve fibres coiled amongst the cells, 
and fibres ninning more or less transversely 
from the lateral mass of cells to the central 
bundle of nerve fibres. 

Destroy the brain and spinal cord of a frog and 
cut off its head. Remove the lower jaw and 
divide the skull in two down the middle line. 
Tear away the mucous membrane covering the 
roof of the mouth ; the inner and lower part of 
the eye will be laid bare. Just behind the eye ia 
a depression ; from this two or three small fila- 
ments, the branches of the fifth nerve, will be 
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seen issuing. Cut through the bone from the 
middle line to the place where the nerves issue, 
turn the piece of bone forward, and gently scrape 
out the brain. 

A filament (the fifth nerve) will then be seen 
going towards the branches spoken of above. 
Between the two is a slight enlargement, the 
Gasserian ganglion, surrounded by tough con- 
nective tissue and by connective tissue attached 
to the bone. Cut away this tissue and excise 
the gangUon. 

Tease it out a little in '25 p. c. osmic acid\ leave 
it in the acid for about half-an-hour, then wash, 
and place it in strong Frey's carmine for a day ; 
wash, and tease out in glycerine, during the 
teasing examine from time to time under a low 
power and throw away the fragments which 
consist of connective tissue only. 

Instead of the Gasserian gans^lion a spinal san- 
gUon from a frog or mo^Lj be Lken.^ 
the frog the spinal ganglia are surrounded by a 
chalky mass; when this is removed the ganglion 
can be seen as a greyish semi-transparent bulg- 
ing on the nerve, the 7th, 8th, 9th are easiest 
to obtain. 

Examine carefully the more isolated cells ; here 
and there one will be seen with its cell substance 
prolonged into a process ; from most of the cells 
the process will probably have been torn away 
in teasing. 

1 Or it may be placed in potassium bichromate '2 p. c. for two or 
three da^s and then teased out. 
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Sympathetic Ganglia. 

Place a sympathetic ganglion e.g. the superior 
cervical sympathetic ganglion of a rabbit ia 
1 p.c. osmic acid for a day. Wash it with water 
and leave it in water for some hours. Transfer to 
50 p.c, spint for an hour, then to strong spirit for 
a week. Cut longitudinal sections and observe 
o. The large number of nerve-cells of various 
sizes. 

b. The small number of medullated nerves com- 
pared with the spinal ganglion {D § 2 a). 

c. The small size of nearly all the medullated 
nerves (cp. D § 2 rf), when these are in 
bundles they are usually at the periphery 
of the ganglion, 

d. The bundles of non-medullated nerve-fibrea 
at the ends of the ganglion; the distinctness 
with which these are seen will of course vary 
in different sections. 

DUsection of Sympaihelic Ganglia in t/ie Frog, Lay 
open the abdomen of a recently killed frog, pick up 
the intestine and cut through the mesentery just 
above the kidneys ; pulling up one kidney, cut 
through the peritoneum along its edge, and turn 
over the kidney to the opposite side of the body. 
Gently stretch the spinal nerves away from the 
spinal column, & row of small nerve fibres will be 
seen running transversely from the spinal nerves 
(one from each nerve) to the chain of pigmented, 
semi-transparent sympathetic ganglia which will be 
seen lying over the spinal column. 
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F. Cells of Spinal Cord. 

Cut transverse sections of the spinal cord of a 
large mammal (e. g. calf or ox) which has been 
hardened in ammonium bichromate 2 p. c. and 
subsequently treated with alcohol. Stain with 
carmine or dilute picrocarmine (it is better still 
to stain the small piece of cord before cutting 
sections by placing it in strong Prey's carmine for 
several days) ; clear and mount in balsam. Note 

CL In the white substance the cut ends of the 
nerve-fibres differing very greatly in size 
(cp. with A § 4). 

J. The small amount of connective tissue (neu- 
roglia) between the nerve fibres; this is finely 
dotted (transverse sections of semi-elastic 
fibrils), and is more abundant near the grey 
substance. 

c. In the grey substance of the anterior comu, 
the large multipolar nerve-cells each with a 
large nucleus and distinct nucleolus. Select a 
conspicuous cell and note that the processes 
run off in all directions; many of them will be 
seen to branch and these branches to branch 
again and so on (protoplasmic processes); 
from some of the cells a rather large process 
which does not branch may be seen to run 
outwards through the white substance (axis 
cylinder process). 

d. In the grey substance of the posterior comu, 
the much smaller usually fusiform nerve-cells 
with branching processes at either end. 
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DEMONSTRATIONS. 

1. Preparations to shew the method of ending of 
motor nerves in muscle. 

2. Preparation to shew the nerve-cells of the plexus 
of Auerbach in the intestine. 

3. Mounted transverse section of a nerve which has 
been treated with osmic acid. 

NoTB TO D § 3. Isolation of nerve cells. The ganglion may be 
placed in osmio aoid 1 p. o. for half an hour, washed in water, placed 
in a mixture of equal parts of glycerine and strong acetic acid for 
three or four days, and then teased out. 




LESSON XI. 



GENERAL PROPERTIES OF NERVOUS TISSURj 
AUTOMATIC ACTIONS. 

A. Reflex Action. 

1. Place on its belly a frog, which has been pre- 
■viously deprived of ita brain' by the demonstrator. 
Observe that ita hind-limbs are drawn up under 
the body; but that it differs from the normal 
frog in the following respects. 

a, Ita head is depressed, instead of being erect. 

b. Ita fore-limbs are spread out, or flexed, instead ' 
of being held nearly vertical ; thus the ai^le i 
which the body makes with the table ia 
diminished. 

> Thia is dons by cutting across the spinal oocd jost below th* 
Biull and tboronghlj destroying the brain with a seeker ; in order to 
enBDre the oomplete removal of the medulla oblongata, it is adTiBsbla, 
to destroy the parts a short dliitaDiTe down tho spinal canal. Tba 
frag ehould be left in a moist place for a day. Instead of this Qm 
frog may be chloroformed the akull cut open and the brain ta- 
moved ; or the npper jaw with the anterior part of the aboil may be 
off with strong Bcissore and tbe medulla removed with forceps, 
with this method the ref,ei action is often weak owing to the 
considerable loss of blood. 
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There are no respiratory movements, either 
of the nostrils, or of the throat. 



Gently pull out one of the hind-limbs, until it 

becomes quite straight, and then let it go. It 
will be immediately drawn up into its old posi- 
tion under the body. If this experiment be 
made soon after the operation of removing the 
brain, or if much blood has been lost, the leg 
may be drawn up slowly instead of sharply. 

Gently tickle one flank with a feather or a blunt 
needle; a contraction of the flank muscles of 
that side will be o 
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Pinch the same spot rather sharply with a pair 
of forceps ; the leg of the same side will be first 
extended, and then drawn up and swept over the 
flank, the movement tending to thrust away tha 
points of the forceps. 

Pinch with the forceps the skin round the anus ; 
both legs will he drawn up and thrust) out again; 
the movement tending as before to sweep away 
the points of the forceps. 

Leave the animal alone for five minutes and 
watch it carefully : if no disturbing circumstances 
are brought to bear on it, it will remain perfectly 
motionless. 

Place the animal ou its back ; it will make no 
effort to regain its normal position, i.e. all sense 
of ei^uilibrium has been lost. 
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7. Pasa a hook through the lower jaw, and festen it 
to the cross-bar of a stand so that the hody can 
be raised up and down. The hind-limbs, after a 
few movements of flexion and extension, will 
remain pendant and motionless. 

8. Gently pinch the tip of one of the toes of either 
leg ; that leg will inunediately be drawn up. 

9. Tate two glasses, fill one with dilute sulphurio 
acid ("1 p.c) and the other with water: lower 
the irog until the tip of one of the toes jusb 
touches the dilute sulphuric acid. In a short 
time the foot will be withdrawn. At once let 
the foot dip into the second glass containing 
water, in order to wash away the acid. Measure 
with a rapidly beating metronome, the time 
between the moment when the toe comes into 
contact with the acid and the moment when it 
is withdrawn. Make, at intervals of a few 
minutes, three snch observations, and take the 
mean of the three. 

10. Cut a small piece of blotting-paper one or two 
mms. square, moisten it with strong acetic acid, 
and place it on the flank of the animal The 
leg of the same side will be speedily drawn up 
and swept over the flank as if to remove the 
piece of paper. 

11. Place similar pieces of paper dipped in acetic 
acid on different parts of the body; different 
movements will be witnessed in consequence; 
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all however tending to remove the irritating 
substance. 

12. Wash off all the acid from the frog, and when it 
has become perfectly quiet, place it in a basin of 
water; it will sink to the bottom (unless the 
lungs be accidentally much distended with air), 
and no movements of any kind will be witnessed. 

Observe that all t!ie Tnovenenta proditced vn t/te fore- 
going obeervations, altkovgh complicated, co-ordinated, 
and purpoeefid in character, are partial, and only by 
accident bring about locomotion. However elimvlated, 
the animal never springa or haps forward. 

In order that the same frog may serve for obaervationa 
on the lymphrhearta, B, 1. § 1 should be performed 

13. Make a small cut through the skin of the back", 
and with a fine glass tube inject one drop of a 
1 p.c. solution of Btrychnia. In a few minutes 
the slightest stimulus applied to any part of the 
animal will produce violent tetanic spasms of the 
whole body. A preliminary stage of increased 
reflex action may also be observed. 

14. With a straight seeker or a piece of stout wire 
destroy the whole of the spinal cord. Observe 
that the spasms immediately cease. 



1 Immediately noderoeatb the skin of the back of the frog is the 
dorsal lymphatio sao. and acf floid placed im this rapidly makes its 
way into the bloud. 
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15. Repeat any of the above obaerfatioDs 
No reflex actions will now be produced. 




B. Automatic Action. 

I. The Lympb-HeartB. 

1. Placing the animal on ita belly watch the move- 
ments of the posterior lymph-hearts. They may 
be seen beating on either side of the extremity 
of the urostyle, in a depression between that hone 
and the hip-joint. The contractions are generally 
visible through the skin, but become more evident 
if the skin be removed, care being taken not to 
injure the lymph -hearts themselves. 

2. Observe that after destruction of the posterior ' 
part of the spinal cord the lymph-hearta ce 
to beat 

II. The Heart. 

1. Lay the frog on its back, make a median incision 
through the skin, and from the middle of this 
make transverse incisions. Raising up the end 
of the sternum with a pair of forceps, cut it 
through a little above the end so as to avoid 
cutting the epigastric vein. Then again lifting 
up the sternum cut it through longitudinally 
with a strong pair of scissors; pin back each 
part of the sternum, cutting through such 
muscles as may be necessary ; the heart will 
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be seen in the thin membranous pericardii 
beating with considerable regularity and foroa 
Pinching up the pericardium with a fine pair of 
forceps, cut it away irom the surface of the heart 
then tilt up the apex of the ventricle ; a small 
band of connective tissue will be observed paasing 
from the posterior surface of the ventricle to the 
adjoining wall of the pericardium. Seizing this 
band with the forceps, divide it between the 
forceps and the pericardial wall. Lift up the 
apex of the ventricle, by means of this band, 
and with a sharp pair of scissors cut through the 
aortae, the superior venas cavce, the inferior vena 
cava, and the surrounding tissue. Take care not 
to injure the sinus venosus. Piace the heart in 
a watch-glass, moistening it when necessary 
with normal saline solution. The beats will 
either not be interrupted at all or for a very 
short time. 

In cold weather the heart may stop on being 
removed from the body, hut if the heart be 
ivanned by putting the watch-glass containing 
it in the palm of the hand, the beats will be 
resumed. 

2. Lifting up the apex of the ventricle by means of 
the same band as before, cut through the ventricle 
with a sharp pair of scissors at its upper third. 
The lower two-thirds of the ventricle wdl remain 
motionless without any spontaneous beat; the 
upper third and the auricles will continue to 
beat with regularity. 
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3. By means of a longitudinal incision divide the 
auricles with the attached portions of ventricle 
into two lateral halves. Each half will continue 
to beat. 



in. CUia. 

Placing the frog on its back, cut through the 
lower jaw, in the middle Une, and carry the 
incision down the oesophagus as far as the 
stomacL Fin back the parts and moisten the 
mucous membrane, if it is at all dry, with 
normal saline solution. Place on it, a little 
below the orbits, a small thin piece of cork. 
The cork will be seen to be driven by ciliary 
action down towards the stomach. 



DEMONSTRATIONa 

1. The electric currents of nerves removed from the 
body (demarcation currents). 



2. 



The negative variation attending a nervous 
impulse (action current). 

3. The effect of a constant current on demarcation 
currents (electrotonus). 

4. The effect of a constant current on the irritability 
of nerves (electrotonus as affecting irritability). 

6. The law of contraction. 
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6. The phenomena of urari poisoning. 

7. The function of the anterior and posterior roots 
of the spinal nerves. 

8. The peristaltic movements of the intestines and 
of the ureters 



LESSON XIL 

STRUCTURE AND PROPERTIES OF BLOOD- 

VESSELS. 

A. The Larger Arteries. 

1. Cut transverse and longitudinal sections of a 
small piece of the aorta or carotid artery of a 
dog (or other animal), wMch has been preserved 
in potassium bichromate 1 p. c.; stain with picro- 
carmine. Note 

a. The thin inner coat thrown into longitudinal 
folds hj the contraction of 

b. The much thicker middle coat, consisting 
of alternating layers of elastic and circularly 
arranged muscular tissue. Both of these are 
stained of a yellower tint than the white 
fibrous tissue. The disposition and relative 
amoimt of the elastic and muscular tissue 
will be found to vary much in different 
arteries. 

a The external coat (tunica adventitia), con- 
sisting mainly of white fibrous connective 
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tissue, with some elastic tissue not infre- 
quently arranged in layers, especially at the 
inner part of the coat Note the nuclei of 
the muscle cells (cp. Lesson VIIL § 11), 
As a rule in the more peripheral arteries, the 
middle coat ia formed of bundles of muscular 
fibres separated from one another by a small 
amount only of connective tissue with elastic 



Take the jugular vein from a freshly -lei lied rab- 
bit, cut it open longitudinally, and pin it ouC 
with hedgehog quills with the inner surface 
uppermost on a thin piece of cork ; stream water 
gently over it for a moment, then pour over it a 
■2 p. c. solution of nitrate of silver and leave it for 
five minutes, wash well with distilled water, and 
expose to light, also in distilled water, until it 
becomes of a brownish colour: spread it out on 
a slide with the inner surface uppermost, treat 
it successively with 50 p. c, 75 p. c, 95 p. c. 
alcohol, clear and mount it in Canada balsam. 
Observe the rather jagged dark lines of the 
cement substance between the cells; the cells 
fonn a continuous layer, are more or less elon- 
gated in a longitudinal direction, and are flat; 
indications of the nuclei of the cells may be 
seen, and in some places indications also of the 
fibres of the muscular coat, as transverse or 
longitudinal markings caused by a deposition of 
silver in the cement substance between the muscle 
cells. If the vein has been left too long in the 



Bilver nitrate solution, or exposed too long to 
light, silver will be deposited in the substance 
of the cells also, 

A vein is here taken as being a Bomewhat e-asier 
preparation for a student than an artery; the main 
features in eitlier case are the same. 

Cut open longitudinally a large artery, e.g. carotid 
of sheep, from a freshly killed animal, and very 
gently scrape the internal sur&ca Teaae out 
the material so obtained in normal saline soln- 
tioD. 

Observe in surface and profile the cells of the 
lining epithelium, with their elongated nuclei. 
Probably there will also be seen fragments of 
the elastic fenestrated membrane. Add acetic 
acid 1 p.c. to distinguish more clearly the elastic 
from the white fibrous tissue. (The perforations 
in the fenestrated membrane are rendered more 
distinct by staining.) 

Tesur off a strip from the inner coat of a medium- 
sized artery which has been io potassium bichro- 
mate "2 p. c. for two to six days ; tease it out in 
the fluid ; it will be found to consist almost en- 
tirely of elastic laminn. . 
Observe the gradations from an almost homo- 
geneous elastic perforated membrane to a mesh- 
work of elastic fibres. 
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B. The Larger Veins. 

1. Cut transverse sections of a fairly large vein, as in 
A. § 1. Relatively the muscular element will 
be found to be less (though varying considerably 
in different veins) ; the elastic element also to 
be less, and the white fibrous connective tissue 
more plentiful, 

2. Attempt to make fluid pass along a vein of some 
large animal in the wrong direction, in order to 
shew the action of the valves. Cut open the 
vein and examine the structure and position of 
the valves. 

C. Capillaries and Small Blood-Vessels. 

1. Place on a slide with a drop of glycerine the tail 
of a tadpole which has been hardened in MuUer's 
fluid or in chromic acid '2 p.c and subsequently 
treated with alcohol. Brush off the surface epi- 
thelium or if this is unsuccessful break it up 
into not too small fragments with needles {in 
doing so try to scrape off the epithelium). The 
tissue may be previously stained by placing it 
for a day in dilute picrocarmine. Note 
a. The network of capillaries ; in some, blood- 

corpuacles will probably be seen. 
6. The nuclei in the walls of the capillaries, es- 
pecially at the points of bifurcation, 
c. The branched connective-tissue corpuscles, in 
places partially euirounding the capillaries. 



I 
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and conatituting the 
tunica adventitia. 
d. The coimectioa of some of the processes of 
the connective-tissue corpuscles with the ca- 
pillary walla. 

Remove a small portion of pia mat«r from a per- 
fectly fresh brain of a chloroformed cat or dog 
allowed slowly to bleed to death, and spread it 
out carefully in normal saline solution, washing 
it gently with the same, and mount. Note 
a. The capillaries, with their nuclei bulging into 

the channels. 
h. The small arteries, their scanty external con- 
nective-tissue coat or adventitia, and the 
indications of their muscular coat composed 
of a single layer of fibres wrapped round the 
intima. 
c. The small veins generally filled with blood- 
corpuscles, with their muscular coat absent . 
or developed only to a slight degree. 

Gently irrigate with acetic acid 1 p. c. Note 
a. In the capillaries, the more distinct nuclei. 
6. In the small arteries, 

(a) The fusiform cells and nuclei of the i 
adventitia, arranged longitudinally, with i 
elastic fibres. 
(j9) The nuclei of the muscular coat ar- 
ranged transversely. By watching tha 
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earlier stages of the action of acetic 
acid, the outlines of the muscle fibres, 
as well as of their uuclei, will be dis- 
tinctly seen. 

(7) The thin inner elastic layer, internal to 
the muscular fibres, seen as wrinkled 
longitudinal markings. 

(fi) The oval nuclei of the lining epithelium 
arranged longitudinally. 

c. In the small veins, appearances similar to b, 
consistent with the less development of mus- 
cular and elastic tissue. 

A piece of fresh pift mater may be stained with 
aqueous luematoxylin to bring out more clearly some 
points of the above; the foUowing will, however, be 
found a bett«r method. Place a fresh brain, with 
the dura mater at least in part removed, in potas- 
sium bichromate 1 p. a for two or three days (or 
longer), then wash it with water, and place it in 
75 p. c, spirit for half an hour to twenty-four as 
convenient, cut off then a small piece of pia mater, 
stain with liiematoxylin, or picrocarmine, and mount. 
Care should be taken to drag the membrane as httle 
Bs possible, and to avoid creases. 

Destroy the brain and spinal cord of a frog, lay 
hare the heart, cut through the whole length of 
the muscles of the abdomen a little ou one side 
of the epigastric vein. Cut off the ventricle 
and cut across the venous sinus (cp. Less, XI. 
B. II,), sop up with a sponge the blood which 
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flowa out, -when the bleeding haa ceased take 
a small glass cauDula having a piece of india- 
rubber tubing over one end and filled with 
normal salt solution and insert it into the aortic 
bulb, tie it near or at the branching of the 
aort% with a silt thread. Then take a sjidnge 
full of norma! salt solution, and the tubing being 
also full of salt solution gently force the nozzle 
of the syringe into the tubing, being careful 
that no air-bubbles get in at the same time. 
Then slowly inject the salt solution : this should 
be repeated until the fluid issuing from the 
venous sinus is perfectly clear ; sop up the fluid 
and inject with water, then inject once or twice 
a '2 p. c. solution of nitrate of silver, sopping up 
the fluid which issues from the sinus; inject 
water to wash out the nitrate of silver, place the 
fixig in a basin of water and cut out the intes- 
tine ; cut through the mesentery at its junction 
with the intestine and lay open the intestine, 
brush away its epithelial coat and expose it to 
Ught in water or in SO p. c alcohoL The out- 
lines of numerous vessels will soon be visible; 
then cut out a piece, spread it out on a slide 
with the inner surface uppermost, wash with 
alcohol of increasing strength, clear and mount 
in Canada balsam'. 



' If Ihe tiaane be left too long before it is monnted the cells i 
well BB the cement subatance will becomB black. From the frog J 
injecteil as above a piece of the mesentety, or of the Innga, or of thfl I 
bladder, maj be mounted. 
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Note with a, low power the small arteries branch- 
ing into capillaries and the uniting of the capil- 
laries to form veins which again unite to form 
larger veins. 

Mote under a high power the outlines of the flat 
elongated epithelium ceils of the small arteries, 
of the capillaries and of the small veins ; the 
outlines in the capillaries are more irregular than 
in the arteries or veins ; in the veins the cells are 
rather broader than in the arteries. 
In the small arteries the cementing substance 
between the cells of the muscular coat (here 
usually a single layer) will also shew as black 
transverse lines, the small veins are without 
these transverse markings. 



D. Circulation of Blood. IsFLAMMATiotf. 

Take a frog with a pale web which a day or two 
previously has been deprived oi its brain by the 
Demonstrator (cp. p. 116, footnote) and kept in 
a moist place. With scissors make a small cut 
through the skin of the back, with a fine pipette 
introduce underneath the skin one drop of a 1 p.c. 
solution of urari, leave the frog under a glass 
jar until it does not move on being pinched; 
this should be the case in about three-quarters 
of an hour, if it occurs earlier too much urari has 
been given and the blood-vessels will be abnor- 
mally dilated. Lay the frog on its belly on the 
frog-board, and tie, not too tightly, a piece of soft 
cotton round the end of the (e. g.) 3rd and 4th 
9-2 
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Stick two pins into the board a little > 
distance from the hole ; by twining the cotton j 
round them the web may be stretched out level 1 
above the hole (or the toes may simply be pinned 1 
out). Surround the web, and cover the leg and 1 
body of the frog, with moist blotting-paper. 
Put a small drop of water upon the web^ and 
cover it with a triangular piece of cover-slip, 
taking care that the glass does not cut into the 
digits and that no fluid flows over it. 
Examine, first with a low and then with a high 
power. Note I 

a. The course of the blood from the arteries to * 
the veins. A slight pulsation may be ob- 
served in the larger arteries and sometimes 
in the smaller ones. 

b. The gi'eater velocity of the blood in the 
arteries (owing to their smaller size) than 
in the veins; probably in neither can the 
individual corpuscles be made out. 

c. The axial and peripheral zones in the arteries 
and veins ; the peripheral zone is small, and 
under a low power appears free from corpus- 1 
cles; under a high power one or two white I 
corpuscles may, if the current is not very I 
feat, be seen in the peripheral zone of the I 
arteries ; in that of the veins a few white | 
corpuscles and occasionally a red one will I 
seen moving along comparatively slowly. 

d. The passage of corpuscle usually in singlffl 
file through the capillaries ; 
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e. The elasticity of the red corpuscles, observing 
the way in which they bend and become 
deformed, and then regain their normal shape. 

6, Remove the cover-slip, and soak up the fluid on 
the web ; touch the middle of the web with 
the tip of a pointed glass rod that has been 
dipped in creosote', so as to leave a minute 
drop on the web, and replace the cover-slip. 
The early stages of inflammation may be 
seen. Obsei-ve in succession 
a. The dilatation of the arteries, the much more 
distinct appearance of the capillaries, and the 
enlargement of the veins, accompanied by a 
quickening of the current. 

h. A glowing of the current, the veasela remain- 
ing dilated, 

c. The white corpuscles increase in number in 
the peripheral zone of both arteries and veins, 
in the latter the white corpuscles begin to 
cling to the sides, at first for a time only, 
then being carried off, later permanently 
until the veins have a more or less complete 
lining of white corpuscles. In the capillaries 
the white corpuscles and also, though less 
frequently, the red corpuscles, stick to the 
capillaiy walls, partially or completely block- 
ing the way. Later the way becomes cora- 

' Instead of Ihia, olive oil containing 1 to 2 p. o. of croton.oil mny 
be Deed. In either case tlie irritaut should bb washed off if Btagoaliuii 
•eU in lajiidly. 
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sets In. Nota ^H 
'adual oblitera- ^^| 



pletely blocked and stagnati 
in the stagnated vessels the gradual 
tion of the outlines of the corpusclt 
The emigration of the white corpuscles from 
the capillaries and veins. This begins as 
the circulation becomes slow; a white cor- 
puscle which is adhering to the wall of a 
capillary or vein should be noted at intervals 
of 10 to 15 minutes. I 

e. The diapedesis of the red corpuscles from the 

capillaries ; this is best seen in tbe capillariea 
in which the current has almost stopped. 

Notice that these effects are local, that they are 
of greatest intensity in tbe spot touched, that 
they extend for some distance round, but that 
the circulation in the rest of tbe web is normal. 
If the injury to tbe vessels from the creosote has 
been slight, the circulation may be seen to be 
re-established in the stagnated spots, the corpus- 
cles gradually recover their outline and axe carried 
off by the current; this is not seen if stasis has 
set in i.e. if tbe blood has clotted. 

Observe now the circulation in the tongue ; the j 
frog being on its belly, draw forward the tongue 
over tbe hole in the stage and pin out tbe two 
comua; tbe tongue at first pale soon becomes 
flushed and its vessels full of blood. With a low 
power the peripheral layer in tbe arteries and 
veins will probably be seen better than in the j 
web. The phenomena of inflammation (§ 6) can 
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be weU seen in this or in the mesentery, in these 
forther the oedema will be more obvious. To 
observe the circulation in the mesentery, place 
the frog on its back, cut through the skin and 
abdominal muscles on one side, draw out and 
pin over the stage a loop of the mesentery. 



DEMONSTRATION. 
Circulation in the mylo-hyoid muscle of the frog. 



LESSON xm. 



STRUCTDUE AND ACTION OF THE HEART. 



1. Observe the attachment of the parietal pericai^ I 
dium to the roots of the great vessels. 
Kemember that the parta of the heart which are 
right and left in the body are called right and 
left after removal. The front of the heart may i 
be recognized by a groove filled with fat, the 
interventricular sulcus, which runs from about 
the middle of the base of the ventricles to rather 
below the middle of the right margin of the 
heart. The front is also more convex than the 
back. Holding the heart with the front towards 
you, note that the right ventricle, which will be 
on your left hand, is much more yielding than 
the left ventricle, which will be on your right 
hand. Note also the pulmonary artery arising 
nearly in the middle line of the heart at the 
upper part of the ventricles, and immediately 
behind this the aorta. 

' The heart ahcnld be obtajaed from tbe butcher with t 
pericaidiom ; to secure thig it is advisable to purchaae the ' bs 
i.e. tiie heart with the langB still nttadied to iL 
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2. Tie a short glass tube into the superior vena 
cava and connect with it a piece of india-rubber 
tubing. Ligature the inferior vena cava and the 
left vena azygos which opena close beside it. 
Tie a glass tube about two feet in length into 
the pulmonary artery. Fill the india-rubber 
tubing with water, and squeezing it press the 
water onwards. The water will amount in the 
tube connected with the artery, and will only 
descend a little way on unclasping the india- 
rubber tubing. Pour water into the long glaas 
tube hy means of a funnel, and observe the 
column of water which the semilunar valves will 
sustain. Note the distension of the arterial 
walls and the bulging at the attachment of the 
valves. When the pressure of the column of 
fluid is removed the artery by its elasticity 
returns to its previous dimensions. 

3. Repeat the above observation with the pul- 
monary veins and aorta. 

4. Compare the united sectional areas of the 
puperior and inferior vente cavs when distended, 
with the area of the aorta below the origin of 
the innominate artery. 

5. Having removed the tubes, lay open the superior 
and inferior venee cavte, and bring the incisions 
to meet in the front of the auricle. Not« 

a. The size and form of the auricular cavity, 
6, The auricular appendage with its muscular 
fretwork. ' 



1 
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c. The septum auricularum. 

d. The fossa ovalla, or expression of the fcctal 
foramen ovale, which is eaxly closed by the 
growth of the septum auriciilarum. 

e. The eustachian valve, a slightly projecting 
membranous fold, immediately beneath the 
entrance of the inferior vena cava, and again 
beneath this. 

/. The opening of the comparatively large left 
azygos vein. 

g. The auriculo-ventricular orifice. 

Cut open longitudinally the azygos vein, and 
observe the coronary vein opening into it a 
ve^y short distance from the heart. 

Cut away most of the auricle, and holding the 
ventricle in the left hand, pour water suddenly 
into the auriculo-ventricular orifice. The auri- 
culo-ventricular valve will float up and close the 
orifice. Note the star-shaped junction of the 
valve-fiaps. 

Introduce a pair of scisaors between two of the 
valves, and cut through the wall towards the 
apex. Having arrived at the bottom of the 
ventricular cavity, turn the scissors sharp round 
and carry an incision at an acute angle with the 
previous one, alongside the septum, towards, but 
not into, the pulmonary artery. Lifting up the 
flap, note 
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a. The thickness of the ventricular wall, the 
projections of its inner surface or columniB 
carneie. The band of muscle (moderator 
tand) running from wall to wall of the ven- 
tricle across its cavity. 

h. The ventricular cavity does not extend to 
the apex. 

c. The tricuspid valve, its form, and attach- 
ment to the aiiriculo-ventricular ring, the 
chords tendlnes, and their attachment to 
the summits of the papillary muscles. 

Holding the heart vertically, pour water into the 
pulmonary artery ; ohgerv'e from below the form 
of the semilunar valves, and their mode of 
closing. 

To observe the valves from above, insert into the 
pulmonary artery a short wide tube, fill it with 
water, and cover it with a piece of glass, exclud- 
ing air-bubbles. 

Prolong the incision of § 8 so as to lay open the 

pulmonary artery. Note 

a. The form and attachment of the semilunar 

valves. 
h. The small nodule of tissue in the middle of 

the free edge of each valve, the corpQB 

Aran til. 
c. The slight depressions in the arterial walls 
each valve, the ■Iniues of Val- 
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12. Lay open tlie left auricle in a mannGr similar to 
that employed for the right. Note that the 
left auriculo- ventricular valve, the bloiupld or 
mitral has but two flaps. Observe its manner 
of closing (cp. § 7). 

13. Lay open the left ventricle in a manner similar 
to that employed on the right side, carrying 
the incision at first along the extreme left of 
the heart. Note the thick walls, the mitral 



14, Lay open the aorta, and examine its semilunar 
valves, corpora Arantii, and the sinuses o£ 
Valsalva, which are here very distinct. Note 
that the coronary arteries open respectively 

into the two anterior flinuses. 



B. Heart of Froq. 

1. Expose the heart of a just-killed frog in the 
manner directed in Lesson xr. B. II, With the 

pericardium intact, observe the pulsations of the 
heart, noting the alternate beata of the auricles 
and the ventricle ; and the synchronous beats of 
the two auricles. 

2. Lay open the pericardium and observe 

a. The synchronous contractions of the two 
auricles, followed almost immediately by 

6. The contraction of the ventricle, note that 
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the ventride during its contratition or systole 
becomes pale and conical, and that its apex 
13 thrown forwards and upwards. 

c. The slight contraction of the bulbua arteri- 
osus immediately succeeding the ventricular 
systole. 

d. The pause, or diastole, which follows before 
the auricle again beats. 

e. The increased redness and distension of the 
ventricle after the auricular, and immediately 
preceding its own systole. 

Divide the band attaching the ventricle to the 
jMsterior pericardial wall, and turn the apex of 
the ventricle over. Observe 

a. The junction of the two superior venre cavie 
with the inferior vena cava to form the sinus 



The white line, roughly v -shaped, marking 
the junction of the sinus venosus with the 
right auricle. 

The cardiac branches of the pneumogastric, 
running along each superior vena cava and 
then plunging into the interior of the 
heart 

The wave of contraction ; it starts in the 
vena cava, spreads to the sinus 
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almost immediately after the auricles con- 
tract, then the yentricle, and finally the bulbus 
arteriosus. 



Make now a transverse cut through the skin of 
the frog just below the jaw, and carry the cut as 
far as the vertebral column ; cut through all the 
muscles proceeding from the head of the hume- 
rus and from the part of the sternum left attached 
to it, to the hyoid bone or to the angle of the 
jaw. 

Coming up from underneath the angle of the 
jaw and stretching towards the lower extremity 
of the hyoid bone will be seen a thin narrow 
band of muscle and two small white fibres, one, 
the glossopharyngeal nerve, running along its 
upper border, the other, the pneumogastric nerve, 
running along its lower border. Very carefully 
separate the pneumogastric from the surrounding 
tissue, and place a loose ligature around it, it 
will be seen to divide into two branches, the 
smaller branch, the laryngeal, may be cut through. 
It will be safer not to attempt to dissect out the 
pneumogastric close to the heart. 
The nerve may be ligatured close to the skull 
Csome care is required in doing thia) and cut 
above the ligature. 

Pass an interrupted current through the pneumo- 
gastric nerve. It is well to place a small piece 
of thin india-rubber membrane underneath the 
nerve to prevent contraction of the neighbouring 
muscles by an escape of current. 
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a. Observe that during and for a short time 
after the passage of the current, the heart 
remains with all parts in diastole. (If no 
effect is produced push the secondary nearer 
the primary coil.) 
h. The period of rest (inhibition) may be followed 
by a period (reaction) in which the beats are 
quicker and more forcible ; and then the 
previous normal condition is regained. 
Now stimulate the pneumogastric nerve, indi- 
cating on the curve by means of a time-marker 
(cp. Appendix) the moment at which stimulation 
begins, and ends. Note that the heart does not 
stop vmmediately after the current is sent into 
the nerve. 

Place the frog on a stage and arrange a lever 
(cp. Appendix) 30 that it presses lightly on the 
ventricle, and bring the end of the lever to mark 
on the revolving drum. Take a tracing of the 
ventricular pulsations with the drum at a mode- 
rate speed. 

Note the rise and fall of the lever, indicating 
the change of form during contraction. The 
rise increases at first rapidly, then more slowly, 
to a maximum, and the fall is similariy at first 
slight, then more rapid, but finally slow again. 

Turn the heart over and stimulate the hne of junc- 
tion of the sinus and right auricle; the heart 
will stop beating just as it did when the pneumo- 
gastric was stimulated. 
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Caxefiilly cut away the connective tissue around 
the great vessela, tie the superior veuEe cavie 
close to the heart, pass a silk ligature under- 
neath the bulbus arteriosus and two underneath 
the inferior vena cava. Make a loose knot in 
them so that they can be tightened at any 
moment. Out across the aorta and sop up the 
blood. With a fine pair of forceps raise up the 
wall of the inferior vena cava close to the liver. 
"With fine pointed scissors, make a cut in the 
vein and with the lower of the two ligatures tie 
in it a small cannula, wash out the heart with 
salt solution in the manner given in Lesson XIT. 
cp, § 4. Inject a "5 p. c. solution of gold chloride 
until the solution begins to issue from the aorta. 
Then ligature the bulbus arteriosus. Again in- 
ject, and whilst the heart is distended tie the 
remaining ligature round the inferior cava just ; 
beyond the end of the cannula. Cut out the 
heart, immerse it in "5 p.c. gold chloride solution J 
and leave it for ten to fifteen minutes. Then J 
remove it to water, cut open the auricles and ] 
shake so that the gold chloride is thoroughly . 
washed out of it. Transfer to water acidulated | 
■with acetic acid and expose to light for a day; 
when it is well stained, observe the septum be- j 
tween the auricles, cut away the auricles from 
the septum and cut away the ventricle, in re- ( 
moving the last portions of the auricles it ia well 1 
to examine the septum from time to time under ] 
a low power. Mount the septum in glycerine. ■ 
Observe 
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a. The two bundles of nerve fibres running 
down tbe septum and having clusters of 
nerve cells on them (this is best seen with a 
low power) ; a few of the nerve fibres are 
medutlated. 

b. From the nerve bundles, nerve fibres extend, 
forming a plesua over the septum ; ia this 
plexus nerve cells occur either singly or in 
small groups. 

c. Not infrequently a cell may be seen to give 
off a process, sometimes a spiral procesB 
may also be made out. 

d. The septum is chiefly composed of a thin 
plexus of fibres made up of faintly-striated 
muscle cells, the cells and their nuclei are 
elongated and more nearly resemble in form 
the cells of unstriated muscle than the cells 
of mammalian heart muscle (cp. Lesson Tin. 
§ 12). The outlines of the individual cells 
are not distinct. 

e. No capillaries are present. 
Numerous nerve fibres and cells may also be 

I seen in the sinus and at the junction of the 
I septum with the ventricle (Bidder's ganglia) ; a 
few occur in tbe auricles and the basal portion 
of the ventricle. A piece of the auricles should 
be mounted in glycerine to observe the inter- 
lacing bundles of fibres, the further development 
of which gives the ventricle the spongy appear- 
ance shown in a section ; as in the septum (and 
rest of the frog's heart) no capillaries will be seen, 
- 10 
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DEMONSTKATIONS- 

1. Experiment of Stannius. 

2. The antagonistic eflfects of muscarin (orpilocarpin) 
and atropin on the heart. 

3. The action of the mammalian heart. 

4. Fneumogastric inhibition in the mammal. 

5. Sounds of the heart. 

6. Endocardial pressure of frog. 

7. Effect of constant current and of successive in- 
duction shocks on the ventricle apex. 

8. Rhythmical contraction of ventricle apex under 
pressure. 

9. Latent period of ventricle apex. 



LESSON XIV. 



BLOOD PRESSURE. 



A. Minor Arterial Scheme*. 

1. Clamp the india-rabber tube at its proximal end 
close to tbe pump, and leave the glass tube open 
so that all the water flows through the latter. 
Work the pump with a uniform force at about 

30 to 40 strokes a minute. To ensure regularity, 

the strokes had better be timed with a metro- 
nome. The water will flow from the open mouth 
of the glass tube in jerks, corresponding to the 
strokes of the pump. At each stroke as much 
will issue from the distal end as enters at the 
proximal end. 

Introduce into the open mouth of the glass tube 
a fine nozzle, so as to offer considerable resistance 
to the outflow of fluid. Work the pump with 
the same force and frequency as befora The 
outflow will still be intermittent, though less 
fluid wilt issue from, and consequently less enter 
into, the tube at each stroke. 

* Sea Appfndii, 
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Clamp the proximal end of the glass tube and 
unclamp the elastic tube. Let the distal end of 
the latter be quite open. Work the pump aa 
before. There being little resistance to the 
outflow, the elasticity of the tube is not called 
into play, and consequently the flow will be, as 
in the case of the glass tube, intermittent. 

Working the pump as before, insert the fine 
nozzle into the open mouth of the tube. Con- 
siderable resistance will now be offered to the 
outflow of fluid, the elasticity of the walls of the 
tube will be called into play, and the water will 
issue from the end of the tube in a continuoua 
instead of an intermittent stream. If the tube 
be suSiciently long and sufficiently elastic in 
proportion to the force and frequency of the 
strokes, the flow will be absolutely continuous. 



E. Major Arterial Scheme'. 

The pump represents the heart ; the small tubes 
represent the resistance of the small arteries and 
capillaries. The tubes on the proximal side of 
this resistance represent the arteries, those on 
the distal side the veins. 

1. The Mercurial Manometer. 

The manometer A i^ connected with the ^lerial, I 
V with the venous tubes. 



I 



open the clamps marked c, c' and c", bo that 
as little resiatauce as possible intervenes be- 
tween the arterial and venous tubes. Bring 
the manometers to mark on the revolving 
cylinder, placing V about an inch under A, 
in the saine vertical line. Work the pump 
steadily, regulating the time with the metro- 
nome. 

In A, the mercury rises at each stroke, and 
in the interval between each two strokes 
falls again to its previous level (The mo- 
mentum of the mercury frequently carries it 
below this level, and the descent may be 
followed by one or more oscillations.) 
In V, a similar rise and fall is observed, of 
nearly if not quite the same extent. 

Close the clamps c, c' and c", so that the 
capillary resistance becomes very considerable. 
In A, the mercury rises rapidly at the first 
stroke, and at the end of the stroke begins to 
fall again, but more slowly than was the case 
in a. It has not fallen far before the second 
stroke raises it to a higher level than before. 
On falling still again, it is once more raised 
to a yet higher level, but the increase is not 
so great as before. Each succeeding stroke 
has a similar effect. Thus at the end of a 
few strokes, the mean arterial pressure is 
reached, marked only by comparatively small 
oscillations corresponding to the strokes of 
the pump. 
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On the strotea ceasing, the mercury gradually 
falls until the previous level is reached 
In V the mercury rises to a much leas extent 
than was the case in a, a slight mean pressure 
much less than in A is established, marked 
either with no oscillations at all or such as 
are much less conspicuous than those of A. 
Owing to the presence of the resistance, a mean 
pressure {arterial blood pressure) is established on 
the proximal (arteritd) side of the resietanee. 
This pressure is marked by oscillations syn- 
chronous with the strokes of the pump. On the 
distal (veiwus) side the inean pressure is much 
less and the oscillations are either slight or 
altogether absent. 

Flow from Arteries and Veins. 

Remove the clamps from the fine nozzles a and V. 
Let the clamps c, o' and c" remain closed. Set 
the pump going. The flow from a on the I 
proximal (arterial) side is in jets; that from V I 
(venous) aide is uninterrupted or nearly s 

Sphygmogcraph. 

Bring the levers Sa (arterial side) and S, (venooa | 

side) to write on the revolving drum, one under-! 

the other. 

a. Open the clamps c, c' and c", and set the pumpfl 

going. The two levers describe two nearly! 

straight lines, a sbght rise only being evident J 

(and that to about the same extent in both)€ 

at each stroke. 



4 



BLOOD PEESSUHE. 

When there is little or no resislaitee in the eapil- 
laries, compa/ratiixly little distension of the arterial 
vxdh is produced at each etroie of the pump. 

'. Close the clamps c, c and c". 

The lever 8^ now describes a well-marked 
curve with each stroke of the pump. 
Observe the sudden rise to a maximum, the 
commencing fall, the break in the fall, fol- 
lowed by a slight rise (dicrotic wave) and 
the final descent. 
The lever S, dcscribos now a straight lina 

The rise in pressare at each stroke indicated by 
the mercurial manometer is accoinpanied by a 
distention of tlie proximal (arterial) part of the 
tubing, indicated by the rise of the lever. This 
ia the palsa 

On the distal [venous') side of tlte resistance no 
pulse is visible. 

4. FrogreBsion of the Pulse-wave. 

Place two levers, one fi'„, as near as possible to 
the pump, the other jiS"„, as near as possible to 
the resistance. Bring the two levers to mark on 
the cylinder the one exactly beneath the other. 
(The pressure eserted by the two levers must be 
as nearly equal as possible.) 
Observe that each rise of jS^ begins a little before, 
and is over a little before that of S\. In other 
words, the pulse of S'^ ia a little later than that 

offir„. 

(By means of a tuning-fork this interval may be 
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measured, and the length of tubing between the 
two levers being known, the rate of progression 
of the putae-wave ascertained.) 



While the pump is working, the clampa being ■ 
closed and the manometers A and V tracing 
their curves, gradually diminish the resistance ' 
by opening slowly first c' and then c". 
The arterial pressure curve will gradually fall, 
still marked by the pulse oscillations; the venous ■ 
curve will gradually rise. 

Dinunutian of capiUury resistance lowers arterial, bvi 
3IM pressure. 



6. Close the clamps c' and c", and take tracings 
with the manometers, then gradually reduce the 
strength of the strokes of the pump. 

Both arterial and venous pressure will diminish. | 

7. The clamp c being closed, the main arterial trunk j 
of the scheme divides into two chief branches, X ■ 
and T, each with its own resistance and venoua \ 
tube. 

Leave the clamps c', c" closed, and put clamps i 
on the tubing immediately beyond a> and t/. 

a. Work the pump with great regularity, and | 
measure the quantity of fluid which escapes 
during a given time (say ten seconds) from i 
the venous tube of X, and from that of T, by | 
the side tubes x and y. 

h. The clamp c" of X remaining closed, open I 



F: 

■ I 
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that c' of T, and the pump -working exactly 

aa before, meaaure again the outflow during 

ten seconds, 

The outflow of Y will be increased. That of 

X on the other hand will be dimiuiahed, 

though the resistance in X is ^e same as 

before. 

TlieJIow of blood throtigh am artery U dependent ■ 

not only on t/ie regUtance offered by iis own 

small arteries and napiUariei bat also on that of 

ol/ier arteries. 



DEMONSTRATIONS. 

The effects in the rabbit on the temperature of 

the ear, and on the calibre of its blood-vessels, 

following 

a. Stimulation of the central end of the great 

auricular nerve. 
h. Section of the sympathetic nerve in the neck, 
c. Stimulation of the peripheral end of the 
^hetic. 



Normal bymographic tracings of the blood-pres- 
sure of a mammal obtained by the use of a 
mercurial manometer. 

The effects on the arterial blood-pressure, as 
indicated by the tracing, produced by 
a. Inhibition of the heart through stimulation 
of the peripheral end of the vagus. 
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6. Dilatation of the small blood-veasels through 
stimulation of the central end of the depressor 
nerve. 

4. Methods of measuring the velocity of the blood- 
current in large vessels. 

5. Comparison of venous and arterial pressure. 

6. Method of using the sphygmograph. 
7 Method of using the cardiograph. 




Prepare sections of a dog's aubm axillary gland 
which has been placed in 76 p. c. alcohol for an 
hour and then in absolute alcohol. Stain the 
sections with carmine (best dilute) or hema- 
toxylin, and mount them in glycerine. 

Under a low power observe 

a. The division of the section into irregular ■ 
angular areas, by connective-tissue septa, 
which, if the section includes the circum- 
ference, will be seen to proceed from the 
sheath of the gland. These are the primary 
•lobules; they may be seen to be divided 
into smaller lobules, but probably not dis- 
tinctly. 

h. The alveoli, appearing as amall roundish 
bodies closely aggregated together to form 
the lobules; each will be seen to consist of 



I 

I 
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a group of cells more or less surrounded 
by coanective tissue, continuous with that of 
the septa, 
c. At intervals oblique and transverse sections 
of the email ducts. They are usually stained 
darker than the alveoli, are not surrounded 
by a sharp ring of connective tissue, and 
have a well-defined lumen. 

2. Under a high power observe that 

a. The alveoli vary considerably in size, and 
frequently have no obvious lumen ; when 
visible the hrnien is usually an irregular 
central space between the cells. 

6. The mucous ceUa are comparatively lai;ge ; 
most have a disc-shaped nucleus situated in 
the outer part of the cell near the basement 
membrane ; in some, the nucleus is spherical 
and lies farther from the basement mem- 
brane. Around the nucleus is a small amount 
of stained cell -substance, from this a stained 
network may more or less clearly be seen 
stretching throughout the cell, the rest of 
the cell-substance stains little or not at all, 

c. The demilune celts, occurring often in 
groups, lie immediately beneath the mem- 
brana propria, and are stained throughout: 
they are generally half-moon shaped, and 
often have two nuclei; they frequently send 
processes in between the mucous cells, and 
then appear simply to fill up the spaces 
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between the mucous cells and the membraiia 
propria. 
d. The epithelium of the small ducts consists of 
a single row of slender columnar cells, the 
inner borders of which apparently coalesce 
and form a distinct ring bounding the lumen: 
there is no such distinct boundary to the 
outer (circumferential) part of the cell, which 
especially in hiematoxylin specimens has a 
well-marked striation. Each cell contains 
an oval nucleus, situated a little on the inner 
side of the centre of the celL 

3. Take a sjnall piece of a dog's submaxillary gland 
which has been for three to six days in a 5 p. c. 
solution of neutral ammonium chromate, and 
tease it out in the same fluid. Observe the 
isolated raucous and demihme cells, noting in 
the mucous cells that the deep-seated end, in 
which the nucleus lies, is prolonged into a process, 
and that this, together with a varying amount 
of the cell-substance around the nucleus, is more 
granular and opaque than the rest of the cell. 
The cell-network may also be obvious. 

4. Examine a mounted specimen of a dog's sub- 
maxillary gland which has been taken afler 
prolonged secretion'. Observe under a high 
power that 

■ In a dog undfi morphia and chloroform the chorda tjmpari {or 
chorda lyiupani and sympathetic) is stimulated nitb a fairly stroug 
interrupted Qorrent for alternate miautea during six hours about. 
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a. The mucous aud demilune cells are much 
more alike. 

b. The mucous cells are smaller, and a much 
larger part of their cell-substauce is staioed, 
the unstained part being as before next 
the lumen. Their nuclei are spherical in- 
stead of disc-shaped, lie more towards the 
centre of the cells, and have conspicuous 
nucleoh. 

Some alveoli and patches of alveoli shew the 
changes mentioned above much more distinctly 
than others, in some the only changes observable 
are that the demilunes are more conspicuous, 
and the nuclei of the mucous cells spherical. 

E. Serous Salivary Glands. 

1, Prepare specimens of a mammalian parotid gland 
or of a submaxillary gland of a rabbit. The 
tissue may have been preserved in alcohol (cp. 
A. § 1) or jn '2 p. c. chromic acid. Compare 
with the section of the mucous gland (A). 
Note that in the alveoli 

o. The cells are more or less polyhedral, having 
less rounded outlines than the cells of the 
mucous gland. One kind of cell only ia 



i. The cells stain fairly equally throughout 

and appear to be densely granular. 
c. The nuclei are spherical (unless shrunken 
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by the reagenta used) and are placed nearly 
in the centre of the cells (they are usually a 
little nearer the outer side). 

Tease out in normal salt solution a small piece 
of the parotid of a rabbit (preferably one which 
has been killed eight to ten hours after a full 



Observe the 



granules in the cells. 



C. Pancreas, 



Cut sectiona of 'resting" pancreas (dog, rabbit o 
frog) which has been preserved in oamic acid; 
mount the sections in dilute glycerine. Observe 

a. Under a low power; the gland consists of 
lobes, lobules and alveoli like the serous and 
mucous glands. 

b. Under a high power; the cells contain a 
great number of granules which stretch 
nearly or quite to the outer border; the 
nuclei are more or less completely hidden by 
the granules. 

Cut sections of active^ pancreas and compare 
with the above. 



' B; a 'resting' gland is meant one which haanot been Bectetin^. or 
has leen Becreting elightlj only, farEcveral hooie ; b; an 'active' gland 
in meaut one wbith tor an hour or nioce bos been seoretiug rapidl;. 
!□ both caxes the animal is aDderBtood to be in a good state of nutri- 
tion; tbepanarcaa of an animal which has long fasled is not a 'resting' 
pancreas. Viiih the do^ or rabbit the gland should be taken Gve to 



ELEMESTART PHYSIOLOGY. 

The granules are fewer, being absent from 
the outer part of the cell, thus forming an 
inner granular and an outer non-granular 



h. The spherical nucleus is more obvious (partly 
in consequence of the disappearance of the 
granules) and ia situated chiefly or entirely 
in the non-granular zone, the nucleolus is 
usually distinct. 

c. If the gland has been taken after very active 
secretion the cells may be nearly free from 
granules, the remaining gramiles will be 
smaller and the lumina will be more obvious. 

3. Prepare sections of an active pancreaa which has 
been hardened in spirit, stain with carmine and 
mount in acid glycerine. 
The division of the cells into granular and e 
granular zones will be seen as in the osmic acid 
preparations ; the inner zone however appears as 
a confusedly granular mass instead of as an 
aggregation of separate spherical granules; the 
outer zone appears homogeneous and stains more 
deeply than the inner zone. 

Bin hoars after a, full meal for the active slate ; about twelve honrs 
after a fuU meal for the lesting state. With the bog the paocreas 
should be taten in ei^ht to ten Lours after a full meal for the activa 
Blato, in one to Iwo dajs for the resting Elate. Wonna serve best for 
feeding frogs. In unhealthy frogs and in frogs which have long 
fasted, the pancreas-cells have usually a difltinct outer non-grannlor 
znne. In all cases the pancreas should be placed in osmio acid 1 p.c. 
for two to twenty-four hoars as convenient, then washed, and trans- 
ferred to 75 p. c alcohol. 
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D. Sauva. 

1. Look at a little fresh saliva under the microscopo 
■with a high power. Disregarding the flat epi- 
thelial cells from the mucous membi-ane of the 
mouth, not« the salivary corpuscles; they are 
larger than the ordinary white blood -corpuscles, 
hut in other respects closely resemble them. In 
many, a very active Brownian movement of the 
granules within the corpuscle may be observed, 

2. Test with neutral litmus paper the reaction of a 
drop of saliva, it will be found to be alkaline. 

3. Induce the secretion of saliva by chewing a small 
piece of india-rubber tubing, by filUng the mouth 
with ether vapour, or by rubbing the tongue 
with a crystal of tartaric acid. 

If time allows let the saliva stand until the 
turbidity has settled down into a sediment. To 
a few c.c. of the fluid add strong acetic acid; 
mucin will separate out as a stringy mass, 
which does not dissolve in excess of acid. 
Shake gently, or stir it with a glass rod the 
mucin will form a clump, remove it, and if the 
fluid is cloudy, filter. 

4. To the clear fluid add a drop or two of a strong 
solution of potassium ferrocyanide. The slight 
precipitate which results indicates the total 
quantity of protelds present (cp. Lesson in. 
§ 16). If the reaction is not obvious, test 
another small portion with Millon's reagent. 

11 
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5. To a few c.c. of itarch mucilage' 1 p.c. in e 
test-tube add a drop or two of a moderately j 
strong solution of iodine ; an indigo-blue colour I 
will be producedj if the colour is very dark fill up f 
the teat-tube with water. 

6. To 5 c.c. of a 5 p.c. aqueous solution of-destrin' i 
add a strong solution of iodine drop by drop, ' 
A deep brown-red colour will be produced. 
Warm; the bro\vn-rcd colour will rapidly dis- 
appear, a light brownish-yellow tint due to 
the iodine remaining; on cooling the dextrin 
colour retuma. Now add water ; as the dextrin 
solution becomes more dilute, the red tint be- 
comes less obvious, the fluid appears yellow- 
brown. That this colour is not due to the iodine 
can he seen by warming the fluid. 

7. To 5 c.c. of a ■! p.c. solution of dextrose fgrape- 
sugar) add an excess of a strong solution of sodium 
hydrate and a couple of drops of a 1 p.c. solution 
of cupric sulphate ; the precipitate of hydrated 
cupric oxide at first formed will dissolve, giving 
a blue solution. Boil; the cupric oxide will be 
reduced and a yellow or red precipitate of 

' To prepare tbe stacoli mucilage, take 1 gram of starch, and mb 
it iDto a thiu paste with cold water. Poiu it into a beakei containiiig 
one hundred c.c, of boiling water, boil for a few minates and place it 
aside to cuul. It ebould have no lumps in it and should be thia 
enough to be measared out readily with a pipette. 

' This may be bought at a ohemiet's or it may be prepared by 
boiling a little starch nith sulphurio acid about 3 p.c, until a drop 
ol the fluid gives a rad-brown colour with a drop of iodine. 
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cuprous oxide will be produced (Trommer'B 
test). When a very small quantity of sugar 
is present no distinct precipitate is obtained, but 
the fiuid ia decolourized or turns faintly yellow. 
P«peat this, adding half a dozen drops of a 
strong solution of cupric sulphate ; the reaction 
will be much less obvious, partly owing to the 
blue colour of the dissolved hydrated cupric 
oxide and partly to the brown-black precipitate 
of anhydrous cupric oxide. 

8. In this and the following experiments the saliva' 
used should be diluted 5 to 10 times. 
"Miy equal quantities (say 5 c.c.) of starch and 
saliva in a test-tube and place in a water bath at 
about 37° 0. At short intervals (1 to 3 minutes) 
take a drop of the mixture and add it to a drop 
of iodine on a porcelain plate. The colour pro- 
duced at first blue will later become a blue- 
violet, a red-violet, a red-brown and a light- 
brown yellow, according to the relative amounts 
of starch and dextrin present, finally there will 
be no colouration, no more starch or dextrin 
(erythrodextrin) being left. Then divide the 
fluid into two parts. 

I An aqneona extract of a ptjalin-containing gland may be □Red 
inetead of aaJiva. To prepare the extract tube {e.g.) the parotid 
glands of a rabbit and having removed the connective tisHue aiound 
tbem chop tliem ttp veil and placa ths pieces in about 200 o.c. of 
natei; leave in the warm for on hooi or two and Slier. The aijueoos 
extract thns prepared coutaina muoh proteid material, and this 
obaoiirea the roducing action of sugar on cuprio hjdrate in Trommei'a 
test vbea a, uaaH qaantity only of sugar ia preaent. 

11— 1 
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o. Add iodine ; no colouration is produced (thei 
may be a little tint from dextrin since i 
mixing the drops a faint colour may escape i 
notice which in a larger quantity of fluid is 
obvious). 

b. Add an excess of sodium hydrate and a drop 
of 1 p.c. cupric sulphate and boil ; the fluid 
turns yellow and a yellow precipitate will be 
formed showing the presence of sugar. I 

Boil a little saliva, add it to starch in a test-tube 
and warm. la half-an-hour divide into two 
parts and test as in § 8 a, 6. The blue colour 
from starch wDl be as distinct as at iirat, no trace 
of sugar will be found; hence boihng destroys i 
the ferment (ptyalin) which converts starch into j 
sugar. 

If the saliva used in § 8 converts starch into j 
sugar very rapidly dilute it still further for the I 
following experiment. Into each of three test- 
tubes pour equal quantities of saliva and starch, i 
Place .^ in a water bath at about 37" C, leave B \ 
at the temperature of the room (noting it) and 
place (7 in a vessel with ice fit is best to cool I 
the starch and saliva before mixing them). At J 
short intervals take with a glass rod drops from | 
each and add them to drops of iodine on i 
porcelain plate and so compare the rate of di*. j 
appearance of starch (cp. § 8) in the three i 
mixtur^. It will disappear much more quickly ' 
in A than m B; in C there will be veij littldj 
change. 
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When no starch is left in ^4, remove G from the 
ice and piace it in the warm chamber and test 
at intervals as before, the starch soon disappears. 
Hence a temperature of 0°C. arrests the action of 
saliva but does not destroj it. 

1 1. Neutralize a small quantity of saliva ; to 5 c.c 
of this add 5 c.c. of HCl "2^ p.a, the mixture 
thus contains •! p.c HCl. Place at 37° C for 
ten minutes, add 3'5 c.c. Na,COj "4 p.c. and 
complete the neutralization with a more dilute 
solution. Add a few c.c. of starch and place at 
37" C. In half-an-hour test for starch and sugar; 
starch will be found but no sugar, hence the 
acid has destroyed the ptyalin, 

12. Place in one dialyser* (A) 15 c.c. of starch and 
in another (_B) 10 c.c. of starch with a little 
saUva. 

Test from time to time the external water in 
each. That from {A) will give no trace of 
starch or sugar. That from (B) will contain 
sugar, but no starch. Sugar dialyses, but starch 
does not. 

' Foie strong coiameicial hjdroclilorio acid oontaina nbout 33 p.e. 
HCl. 

' In tliese and in similar cxporimenta [LesB. xvi.) 37* C. is taken 
since that ia very nearly the uormat bod; temperature oF man, but % 
ratlier higher oi a rather lower temperatuie will eorve equall; well, 

* A very oonvenient dialyser may be made from, a Bhnrt length of 
puchment pnpcr tubitjg (Papier-Danne) sold by Carl Brand^ger, 
Etiwangen. Wilrttemberg (cp, also Game^i Fhysiologinal Chemistry, 
Vol. 1. p. G). 
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13. Add a little raw starch^ to saliva and place in 
the warm chamber, shaking frequently. The 
raw starch is converted into sugar very slowly, it 
may be an hour or more before any sugar can be 
detected. 



DEMONSTRATION. 

Effect on the submaxillary gland of the dog of 
stimulating the chorda tympani and the sympa- 
thetic nerves. 

^ Airow-root will do veiy well* 
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SxiincTirHE OF the Stomach, 
.. Make transverse vertical sections from the fundus 
or greater curvature of a rabbit's stomach which 
has been preserved in spirit (cp. p. 32, F, § 1) or 
in chromic acid "2 p.c. Stain the sections with 
carmine or with aniline blue (the sections are 
best stained if they are left in a dilute solution 
of the staining agent one to two days). Observe 
under a low power 
a. Externally, the thin connective-tissue layer 

of the peritoneum. 
h. The muscular coat, consisting of an outer 
longitudinal and an inner circular layer of 
unstriped muscle. If the sections are ac- 
curately transverse, the former will appear 
as a cross section of a number of bundles 
with connective tissue running in between 
them from the peritoneum, the latter as a 
continuous layer. On the inner side of this 
may also be seen a much thinner oblique 
muscular layer. 
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c. The submucous coat of connective tiBsue. I 
If the mucous membrane is in folds the sub- I 
mucous hut not the muscular coat will be \ 
seen to mn up in the folds. 

d. The muacularls mucoss, or thin stratuni I 
of unstriated muscle fibres a little below the | 
glands, this is divided moTe or less distinctly ] 
into an outer longitudinal and : 
circular layer. 

e. The mucous coat. Note in this 
The gastric glands with their openings and'J 
the ridgea between the openings. Thsl 
bifurcation of some of the glands may pro- 
bably be made out. 

Observe under a high power 
a. The columnar mucous cells, lining tbe 
mouths of the glands and covering the free 
surface of the gastric mucous membrane 
between the glands; they are long slender 
cells becoming shorter in passing down tbe 
mouths of the glands ; the upper third of 
tbe cell is usually much more transparent 
than the remaining portion, and the nucleus 
lies at about tbe lower third. These cells 
may have become detached if the tissue has 
not been removed from the animal soon after 
death. 

i. The large deeply stained ovoid or border 
cells with ovoid nuclei, and the short columnar 
or polyhedral central cells with spherical 
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nuclei. At the base of the glands the central 
cells are usually most numerous, the ovoid 
cells being placed between them and the 
basement membrane ; towards the neck of 
the glands the ovoid cells usually increase 
in number, in the neck the majority of the 
cells are ovoid ; they are however considerably 
smaller than in the body of the glands. 
The ovoid cells frequently cause a bulging 
outwards of the basement membrane, this ia 
especially the case if the animal has been 
killed soon after it has fed. 

c The fine connective tissue immediately inter- 
nal to the musaularis mucosae, surrounding 
the bases of the glands, and sending up pro- 
ceases between them. Towards the surface 
the fibres have a much closer arrangement, 
and appear as a number of slender, compara- 
tively dark, bands, which stain deeply. Mark 
the scarcity of leucocytes. 

Compare the longitudinal vertical section pre- 
viously made (Less. viil. § 11) of the muscular 
coat of a dog's stomach with the transverse 
vertical section of the muscular coat of the 
rabbit's stomach (§ 1), in the former the muscular 
coats are much thicker. 

Take a small piece of the fundus region of a 
rabbit's gastric mucous membrane and prepare a 
section parallel to the surface through the bodies 
of the glands. Observe 
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a. The central cells forming a tube with very 
small lumen. 

b. The comparatively rare ovoid cells outside 
the central cells. 

From the pyloric end of the stomach prepare 
vertical sections and stain them with faEema- 
toxylin, compare these with the sections made 
of the cardiac end. Note 

a. The greater thickness of the longitudinal 
and circular muscular layers. 

b. The wider and longer mouths to the glands, 
their more frequent branching and the 
absence of ovoid cells (if the section passes 
through the upper part of the pyloric region 
a few ovoid ceJla may be seen). The cells 
below the mouths of the glands (pyloric 
gland cells) resemble in general appearances 
the central cells of the cardiac end of the 
stomach. 



B. Stbccture of the CESOPHAODS. 

1. Make transverse vertical sections from the lower 
third of a rabbit's oesophagus, which has been 
hardened in potassium bichromate 1 p. c, and 
compare them with the corresponding sections 
of the stomach. Note the following points of 
contrast : 

a. The external muscular layers contain striped 
as well as unstriped muscular fibres ; sections 
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from the upper part of the cesopbagua sht 
no unstriped fibres. 

The submucous tissue contains small sero 
and mucous glands (cf. Lesson xv.). Each 
these consists of a duct, dividing and 
in dilatations, the alveoli. 

c. Traces of the muscularis mucoaie. 

d. The papilla; of the mucous membrane. 

e. The epithelium forming a layer several cells 
deep, the deeper being columnar or sphe- 
roidal, the superficial cells flattened (cf. Epi- 
dermis, Lesson xsiv.}. 



C. Gastric joice. 

L Artlflclal Oartrlc Juice. 

o. Tear off the mucous membrane from the 
stomach of a mammal, cutting away the 
pyloric region (the stomach of a pig obtained 
from the butcher's will serve). Mince it 
finely. Put it in a flask with two hundred 
times its hulk of hydrochloric acid "2 p.c, 
and place the flask in a water bath at about 
40" C. After some hours a considerable part 
will be dissolved. Decant, and filter the 
decanted fluid, A solution of pepsin in 
hydrochloric acid will be obtained ; it will, 
however, contain a considerable quantity of 
peptone. 

). Mince another gastric mucous membrane ; 
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remove with blotting-paper the excess of 
fiuid, add five times its bulk c 
and place aside stirring occasionally. It is 
best to leave the mixture for some days 
before use/ it may be kept almost indefinitely. 
"When required for use, filter through muslin, 
add to the fluid ten to twenty times its 
volume of HCI 2 p.c. and filter. 



Action of Gastric Juice. 

2. a. Take four teat-tubes. In A place 5 c.c of " 
hydrochloric acid '2 p.c. In 5 5 c.c. of 
artificial gastric juice. In C 5 c.c. of the 
same juice, carefully neutralized with dilute 
Na^CO,. In i> 5 c.c. of the same juice, 
thoroughly boiled. Add the same quantity 
of fibrin' to each, and place in a water bath 
at about ST'C. Examine from time to time. 

A, the fibrin will swell up and become trans- 
parent, but will not be dissolved; on neu- 
tralization it will appear unaltered. 

S, the fibrin will be digested. 

0, the fibrin will bo unaltered. 

D, the fibrin will be like that in A. 



I Baw QbrJQ digests moie eaaily tliaa that which has been boilel 1 
or kept in aloahol, it often however contains traces of pepsin s 
a slow digestion maj take place when acid only is added to it- 
it is required to measara acuuiatelj the amount of fibrin added, raw 
Hbrin finely chopped up should be placed in dilute HC] □ 
well swollen, the excess ot acid poured off and the fibrin meosored ia j 
small tubes contaiuing {e.g.} 'J c.c. 



H^ 
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Those experiments show that acid alone {A) 
and pepsia alone (C) will not digest fibrin, 
and that pepsin loses its power on being 
heated to boiling point (D). Now add acid 
again to C, and place it in the warm chamber. 
Digestion will take place. The neutraliza- 
tion has only suspended, not destroyed, the 
action of the pepsin. 

Take two test-tubes, with 5 c.c. of gastric 

juice and a morsel of fibrin in each. 

Place A in the warm. Surround B with 

ice, or put it in a cold spot. 

The fibrin in A will be digested rapidly ; 

that in B very little or not at all. 



3. Take 5 c.c, of artificial gastric juice which has 
been found to digest fibrin rapidly, neutralize it, 
filter and add an equal bulk of NajCO, 2 p. a 
thus obtaining pepsin in the presence of a small 
quantity of an alkaliue salt. Place at about 
40° C. for half-an-hour to an hour. Then add 
HCl until the mixture is distinctly acid (or 
neutralize and add an equal volume of HCl "4 
p.c). Add a flock or two of fibrin and warm. 
Little or no digestion will take place. The 
pepsin has been destroyed by the alkaline salt, 

4. Place 50 c.c. of artificial ga,stric juice together 
with some fibrin or other proteid in a beaker 
and leave in the warm uutH a small part only 
of the proteid remains undissolved. Filter and 
neutralize carefully, a precipitate of acid-albumin 
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(paiapeptone) will be obtained (cp. Less. ix. § 15). 
Filter off tbe acid-aibumin, the filtrate containa 
peptones. 

Determine tbe following characters of peptones 

with the solution obtained in § 4. 

a. Apply the testa for proteida (Lesson iir. § 16), 
Millon's and the xanthoproteic reaction are 
obtained, but no precipitate is produced with 
acetic acid and potassium ferrocyanide. 

h. Boil ; it does not coagulate. 

c. Add excess of sodium hydrate and a drop or 
two of dilute cupric sulphate, a rose colour la 
produced which becomes violet when more 
cupric sulphate is added. Compare the 
colour reaction with that given by diluted 
serum or white of egg (Lesson m, § 16 c). 

d. Pour inta one dialyser {A) a solution of 
peptone and into another (fi) diluted s 
or white of B§§. Leave for an hour or 
longer, then apply the xanthoproteic test to 
flie tluid outside the dialyser, a reaction will 
be obtained from {A) only, i.e. the peptone 
has dialysed, the albumin has not. 



Examine a drop of fresh cow's milk under the 
microscope with a high power. It consists of a 
clear fluid containing a large number of highly 
relractive fet globules of varying size. Add a 
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drop of osmic acid ; in a short time the globules 
become stained brown-black. 

Test the reaction of fresh cow's milk with litmus 
paper. It will be found to be alkaline : oc- 
casionally it is acid owing to the presence of 
free lactic acid. 

Dilute a little milk five to ten times with 
water; neutralize it with dilute acetic acid, no 
precipitate will fall. Continue to add the acetic 
acid drop by drop, a copious precipitate of casein 
will occur carrying down with it nearly all the 
fat. When there is a distinct flocky precipitate 
no more acid should be added as casein is soluble 
though not very readily in excess ; it is not 
precipitated on merely neutralizing since alkaline 
phosphates are present in milk (cp. Lesson ix. 
§ 16, c). To precipitate the whole of the casein 
the milk must be much diluted. 

Filter off the precipitate. The filtrate should be 

clear ; if it is not, either too little or too much 

acetic acid has been aJded ; in this case add 

either a little more acetic acid or a little dilute 

sodium carbonate and filter again. 

Boil the filtrate ; a precipitate of albumin (with 

a little globulin) takes place. Filter, and to the 

filtrate 

Apply Trommer's test (Lesson xv. D, § 7), a yellow 

precipitate will be obtained showing the presence 

of mllk-augar. 



I 
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Place a small quantity in a warm place for one \ 
or two days; then test the reaction, it will be 
found to be acid ; this is due to fermentation, 
in the process of which the milk-sugar is con- 
verted into lactic acid. 



Action of Gastric Juice on milk. 

Neutralize with dilute Na^COj a little artificial 
gastric juice prepared by method (a) § 1, filter , 
and add 5 c.c. of the filtrate to 5 c.c. of fresh milk, , 
place in the warm. 
Observe at short intervals the condition of the 
milk, it will soon form a firm clot so that the , 
test-tube can with safety be held upside down, 
later the clot shrinks and presses out a nearly 
clear fluid; the clot continues to shrink for ' 
some time. 

The rennet-ferment in the extract has coagu- I 
lated the casein, and this has carried with it 
the greater number of the fat globules. 
If the amount of rennet- ferment contained in 
the extract is large the clotting may be almost 
instantaneous ; in this case the experiment should 
be repeated taking a smaller quantity of the 
extract and without warming. The extract is 
neutralized since (cp. § 4) excess of acid of itself 1 
precipitates casein. 

To the milk clotted by rennet-form ent add 
5 c.c. HCl '4 p.c. and warm for an hour or so, the ' 
casein will be converted into peptone by the 
pepsin of the extract in the presence of acid. , 
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(The fat globules float once more in the fluid 
but it is much less white than originally.) 



DEMONSTEATION. 

Separation of casein and fat from milk by filtra- 
tion under pressure through a porous cell. 
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A. Structuee of Intestine. 



The outer coats of tjie inteatine have the same general 
characters as those of the stomach (Lesson xvr. A, § 1, 
a— d), except that there is no oblique muscular layer. 
1. Prepare vertical sections of a cat's or dog's Btnall 
Intestine hardened ia chromic acid '2 p. c. (cp, 
p. 33 F § 2). Stain with hiematoxylm (the 
tissue may be stained before sections are made 
by placing it in dilute htematosylin for a day). 
Observe in the mucous coat 
a. The projections of the mucous membrane, or 
Tllli, either extended and long, or contracted 
and short with the surface tkrown into folds. 
Note 

a. TLe epithelium, consisting of rather long 
oolnmnar cells, each with a clear free 
border more or less distinctly striated 
with vertical lines, rather granular cell- 
substance, and oval nucleus placed at 
about the lower third of the cell; tie 
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clear free borders of the cells frequently 
appear to have coale-sced into a narrow 
highly refractive band, which may be 
traced over the whole villua. 

jS. The mucouB or goblet cells, irregularly 
scattered among the former, sometimes 
abundant, sometimes scanty or absent; 
they have an upper ovoid portion which 
has sharp outlines, is transparent and 
may be einpty, and a lower basal granu- 
lar portion containing the nucleus. 
7. The adenoid tissue, forming the sub- 
stance of the villus : this consists of a 
fine meshwork of fibres with nuclei or 
flattened celts at some of the nodal 
points. The meshes are seen to be 
crowded with leucocytes. 
There may also be seen with varying dis- 
tinctness 

B. Capillary blood-vessels with the nuclei 
of their component cells ; they may be 
filled with blood-corpuscles. 

e. The 'lacteal radicle' as a apace in the 
centre of the villus. 

f. Unatriped muscular fibres as narrow 
bands running up the villus. 

b. The rather deep depressions of the mucous 
membrane, the Intestinal glands or glands 
of Ueberkiihn. Note that 
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a. The epithelium lining them consists of fl 
Ehort columnar cells. Observe their ] 
gradation into the cells covering the! 
villi; usually they have a clear &eo] 
border like that of the columnar cells.| 
of the villi 

j3. There is usually a distinct basement I 
membrane immediately beneath the epi- 
thelium. This is formed of connective- I 
tissue corpuscles very much flattened J 
and fused together into a membranoosi 
sac; the outlines of the cells are nobi 
Been in the section, but the nuclei are J 
fairly conspicuous. 

7. The lumina of the glands are in thin 1 
sections distinct. 

The adenoid tissue around the bases of the I 
glands of Lieberkiihn and between them and I 
the muscularis mucosfe. This, unlike the 1 
corresponding tissue in the stomach (Lesson I 
svi. A, § 2, c), has a large number of leuco- I 
cytes in its meshes. 

The lymph follicles ; either isolated, or s 
gregated into Feyer's patches ; the follicles 
are round or oval masses of adenoid tissue* 
crowded with leucocytes, lying immediatelvB 
beneath the surface epithelium and usually! 
stretching down into the submucous tissua I 
They are in the midst of the glands of Lie- I 
berkiihn, and the villi are absent over them. ■ I 
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They will be more fully studied under hym- 
phatics (Lesson xyui. §§ 1, 2, 3). 

2. Snip o£F a few villi froin a fresh intestine ; tease 
out some in normal salt solution; place others iu 
osmic acid 1 p.c for half an hour, then tease 
out in water or in dilute glycerine. 

Observe more closely the characters of the cells 
(§ 1 o (a) O)). It will be seen that some of the 
isolated columnar cells branch at their attached 
ends; and that the goblet cells have usually a 
tapering process. Where a surface view of a 
portion of mucous membrane is obtained the 
goblet cells will appear as clear round spaces. 

3. Prepare sections of the ileum or jejunum through 
the glands of Lieberkuhn parallel to the surfMe, 
and compare them with the vertical sections 
(§!.'.«)■ 

i. Prepare vertical sections of the duodenum at ifi 
commencement close to the pylorus. In addition 
to the villi and intestinal glands, note 
The glands of Brunner'. Each has a duct 
with basement membrane, short columnar epi- 
thelium and usually distinct lumen; the duct 
runs down into the sub-mucous tissue and there 
divides and sub-divides, the end tubes enlarging 
slightly, like small alveoli ; the number of sub- 

I BmnDer's rIahcIs Btietcb some little diatance from the pjloraB in 
ruminanta and in tha pig; in camivara and rodenta they ara clcias 
to tlie pj-loruB and Qsuallj ematt ; in the mole they form a marked 
bulging ring just below the pjloros. 
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divisions varies greatly in differeut animals, there 
is also considerable variation in the form of the 
tubes and in the appearance of the cells in diffe- 
rent animals, generally speaking the cells are 
much the sanae in the ducts and throughout the 
tubes ; the nuclei are placed near the basement 
membrane. 

Prepare vertical transverse sections of the lar^ 
intestine. Observe 

a. The longitudinal muscular coat, thin except 
where the section has passed through one of ' 
the three conspicuous hands. 

b. The circular coat, thick and well developed. 

c. The mucous membrane, frequently thrown 
into longitudinal ridges, the sub-mucous tissue 
running up into the ridges. 

d. The absence of villi. 

c. The intestinal glands (glands of Lieberkuhn); 
they are larger than in the small intestine, 
and their features, owing to the absence of 
villi, much more easily seen. The epithelium 
covering the free intestinal surface or the 
ridges between the glands consists of long 
columnar cells with usually a striated cle^ 
free border, in the glands the cells are 
shorter, have no clear border, and the nuclei 
are nearer the basement membrane ; in some 
animals {e.g. dog) there are many distinct 
goblet cells. 



y distmct I 
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G. Examine sections of a smaU intestine in which 
the blood-veasels have been injected, and note 
the capillary network round the glanda of Lie- 
berkiihn, and the small artery running up each 
villus and dividing into a capillary network just 
below the cells. 

7. Feed a frog with a small piece of bacon ; on the 
next day' kill the frog, remove the stomach and 
intestine, pin the tube out on cork, cut it open 
along its whole length, and gently wash it with 
salt solution. 

Note that the mucous membrane of the stomach 
has a yellowish semi-transparent look, whilst the 
mucous membrane of the intestine is of an 
opaque white, this is more marked in the upper 
than in the lower part of the intestine; the 
rectum is greyish and semi-tranHparent. Teaze 
out a small piece of the opaque white mucous 
membrane in normal salt solution; the epithe- 
lium cells are crowded with fat globules, scarcely 
anything but these being visible. 
Fat U ahiorhed by t/ie cells of the tmall intestine, and 
u absorbed little or not at all by the cells of t/ie 
alomach. 

8, Pin out pieces of the intestine ; place some in 
75 p.0. alcohol for an hour, and then in strong 

1 The difTeTenoe in tlie tint of the stomach and intestme ia still 
mora obriouB if the frog be fed agniD after two dajs aoii killed od the 
enbseqnent day. The frog is fed fay placing the piece o! fat in the 
apper part of (he ceBophagus, the fat is then uBUuIly anollowed at 
once. For hardeukng the intoetiae cp. § 2. p. ^Z, 
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Spirit ; place others in osmic acid 1 p.c. for h 
an hour, wash and pla^e in 75 p.c. alcohol. 
In sections of these pieces note that there are no I 
villi and no proper glands of Lieberktihn. The I 
mucous membrane is however thrown up into 
considerable folds. In the osmic acid specimens, 
the cells will probably be so full of deeply 
stained fat globules that little structure can be 
seen in them except the bj'aline free border; ia J 
the sub-mucou3 connective tissue few or no fafri 
globules are seen. 
In the alcohol specimens the cell substance will I 
be seen as a distinct sponge-work or networkjl 
the fat globules havicg bi 



Test the reaction of bile' with litmus paper. 
fresh it is slightly alkaline or neutral. 

To a small quantity add strong acetic acid drop by ■ 
drop. A curdy precipitate of mucin coloured with I 
the bile-pigment will be thrown down. Since tha 1 
mucin of bile is not formed in the liver but in the 1 
mucous glands and cells of the gall-bladder and] 
duct, the longer the bile has been in the gaUafl 
bladder the greater the precipitate which i 
be obtained. 

For the following tests (§§ 4, 5) it is best, although 
not necessajy, to precipitate the mucin with aceti 

■ Oi-eall or slieep'e gall may he obtained from a butcher's. 



BILE. PANCREATIC JUICE. Ibo 

acidj to filter and use the filtrate ; before filter- 
ing, the bile may he diluted four or five times 
with water. 

The mucin may also be removed by adding an excesa 
of alcohol, the filtrate from this should be evaporated 
to dryness, and the residue dissolved in water. 

3. Gmelin's test for bile-pigment. To a small 
quantity in a test-tube add drop by drop, nitric 
acid, yellow with nitrous acid, shaking after each 
drop ; the yellowish green colour becomes first a 
dark green, then blue, thon violet, then red, and 
finally a dirty yellow. The blue aud violet 
colours are less obvious than the rest. BepE 
the test in the following form ; place a drop of 
bile on a porcelain slab, and place a drop of 
yellow nitric acid so that it runs into the drop 
of bile ; where the fluids mingle, zones of colour, 
green, blue, violet, red and ycUow, from the bile 
to the acid, are seen, 

4: Fettenlcofer's test for bih-acidsK To a little bile 
in a test-tube, add one drop of a 10 p.c. solution 
of cane-sugar (or a small particle of sugar) and 
ehake. Add strong sulphuric acid to nearly the 
same amount as the bile taken, inclining the 

' Bile-aaltB may be prepared in the following manner. Enb oi- 
g.-ill with animal charcoal into a thin pasts. Evaporate on a water 
batli to complete dryneas, and eitract with absolute alcohol. Ihe 
alcoholio filtrate should be colourless. Add to it anhydrous ethar as 
long as any prwipitate is piodaced, and let it stand. The precipitate 
either cryslaUiieB out or falls to the bottom as a thick viscid flyrup ; 
it is a mtiture of sodium gljcocholate and taurocholale. 
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test-tube so that the acid settles at the bottom. 
Gently shake the test-tuba from side to side, 
■when the fluids have nearly mixed a deep purple 
colour is produced. If too much sugar is added, 
the fluid will turn brown or black ; if too little 
sulphuric acid is added the proper temperature 
(about 70° C.) for the production of the colour 
■will not be obtained. 

Add a few drops of oleic acid to 10 c.c of bile in 
a test-tube, shake well, and at once mount a drop 
and observe in it under the microscope the 
numerous fatty globules. Place the test-tube 
with the bile in a warm bath for an hour or bo, 
then shake and mount a drop of the fluid; 
comparatively few fatty globules will be seen 
in it under the microscope. The oleic acid has 
combined with the base of the bile-salts to form 
a soap (cp. C. § 4). 

Place in separate test-tubes 10 c.c. of bile and a , 
couple of drops of oleic acid (a) ; 10 c.c, of bile 
(6); 10 C.C. of water; to each add 2'5 c.c. of | 
melted fresh butter', shake well, and place in 
the warm bath. The emulsion will last much 
longer in (a) than in (h); it will last much longer 
in (b) than in (c). The emulsifying power of bile 
is slight ; but in the presence of fatty adds it 
forms soaps (cp. § C) which have a muck greats- 
emulsifying power. 



m. ^^1 
jle ~ 



< If oliTe oil 19 used icstead of melted better, it will 
the amonnt of fatty acids contained in the olive oil 
difCerence i» observed in (a] and (b). 



depend apon ^^H 
whether vof ^^^^ 
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7. Mount a few crystals of cholesteiin* in water 
and examine them under a microscope, they 
consist of rhombic plates. 

8. Irrigate the crystals with strong sulphuric acid; 
they turn red. 

9. To a small quantity of chloroform in a test-tube 
add a little cholesterin and shake, the cholesterin 
will dissolve; add strong sulphuric acid and 
gently shake, the upper (chloroform) layer i 
turn bright red. 

10. Digest a little fibrin in 10 c.c. of artificial gastric 
juice ; when the fibrin is dissolved add drop by 
drop, bile which baa been decolourized by filtering 
through animal charcoal; a precipitate will be 
formed consisting of parapeptone, peptone and 
bile acids. (If excess of bile is added especially if 
it contains taurocholic acid, the peptone and bile 
acids will be more or less completely dissolved.) 

11. Add to the preceding 5 c.c. of '4 p.c. HCl and a 
few flocks of swollen fibrin; the fibrin will shrink 
and will be digested slowly or not at all. Bile 
acids prevent gastric juice from digtsHng proteids. 

' Cholesterin may be prepared from gall atones (thoBS which have 
B Boapy feel) in Ihs following mnnner. Powder the gall stones ami 
add a small qnantity of strong epirit (or absolnta alaohol) and boil ; 
filter hot, caing a hot-water funnel ; on cooling, cholesterin oryBtala 
will aepitrate out. Collect the crystals, place them in a Bmnll 
qoantity of spirit containing a little sodinm hydrate and boil. Od 
cooling, purified eholeatetin orjstallizea oat; wash the crystali with 
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C. Pancheatic Juice, 

Artificial Pancreatic Juice. 

1. Mince finely a pancreas from a just tilled animal, 

pound it well with clean sand and add about 
100 vols. Na.CO, -2 p.c. and a little thymol 
Place it in the warm for some hours to a day, 
strain through muslin, filter tlitough linen and 
then through filter paper. 

2. Leave a pancreas moistened with water for a 
day, then mince it well and add 10 vols, of 
glycerine. When required for use add to a 
small portion of this glycerine extract 10 to 
20 vols, of Na,CO, I'o p.c, shake, strain through 
muslin and filter. 

3. Mince a pancreas and pound it with sand, for each 
gramme of gland-substance add 1 cc. of acetic 
acid 1 p.c, and mis; thoroughly in the mortar for 
ten minutes ; add ten times its bulk of glycerine. 
In a day or two a little strong solution of sodic 
carbonate should be added to make the fluid 
slightly alkaline. When required for use add 
sodium carbonate as in § 2. 

Fropertlea. 

4. To about 5 cc. of distilled water in a test-tulw | 
add a drop of oleic a<:id and shake, the fatty I 
globules soon rise to the surface; add 5 cc. i 
Na,CO, 1 p.c; a white precipitate of eoap ] 
forms ; shake, the precipitate partially dissolves ' 
and more completely or wholly on boiling. [ 



INTESTINE. BILE, PANCREATIC JUtCE. 



1S9 



Examine a drop of the fluid under the micro- 
scope, no fat globules will be seen. 
Place in a warm bath two test-tubea, each con- 
taining 5 C.C. Na^COj 1 p.c. ; nielt a httle fresh 
butter in a porcelain dish over a flame and with 
a warm pipette add an equal quantity (about 
2-5 c.c.) of the melted butter to the fluid in each 
test-tube. To one of these (a) add a couple of 
drops of oleic acid. Shake the test-tubes and 
replace them in the warm bath, examining 
them from time to time ; the fine emulsion 
formed on shaking the fluids will last much 
longer in (a.) than in (&). The emulsion in this 
case is much greater than with bile (cp. B, § 6). 
With either of the extracts of § 1 or § 2, make 
observations on the amylolytic ferment of the 
pancreas similar to those made in Lesson xv. 
§§ 8—13 on the amylolytic ferment of saUva. 
Test the proteolytic action of either of the 
extracts § 2 or § 3 in a similar manner to that 
in which the action of artificial gastric juice was 
tested (Lesson XVI. C, § 2) substituting 1 p.c. 
Na^CO, for -2 p.c. HCl, 

In test-tubes A and D the fibrin will be unalter- 
ed, in C it will be very slowly dissolved, in B it 
win be rapidly dissolved, hence sodium carbonate 
alone does not digest fibrin (A), trypsin alone 
digests it very slowly (C), trj-psia in the presence 
of sodium carbonate dissolves it rapidly (B), the 
digestive power of trypsin being destroyed by 
boiling (/)). 
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Experiments corresponding to those of §§ 4, 6, 
Less. XVL may also be made ; in this case alkali- 
albuminate instead of acid-albumin is formed. 

8. To 10 C.C. of extrjwjt § 1 add 6 c. c. of an emulsion 
of oil of almonds and a little litmus solution. 
Place in the warm. In a short time the litmus 
solution will be turned red. The fat-ferment of 
the pancreas has split up the neutral fat into 
fatty acid and glycerine. 



DEMONSTRATIONS. 

1. The appearance of the chyle in the lacteals of 
the mesentery of a rabbit a few hours after a 
meaL 

2. The flow from the thoracic duct. 



LESSON xviir. 

THE LYMPBU.T1G SYSTEM. 



A. Lymphatic Glands, 

1. PREPAHE vertical sections of a rabbit's Payer's 
patch which has beeQ hardened in ammonium 
bichromate 5 p.c, and stain them with carmine. 
"When stained, mount a section at once, tu observe 
the immense number of leucocytes; shake up 
the others in a test-tube with water. Look at 
them under a low power to see if the leucocytes 
are for the most part shaken out ; if so, mount 
them in glycerine. Select a comparatively iso- 
lated foUicle, and observe 

a. The adenoid tissue of the follicle (cp. Less. 
SVII. § 1, a (7)), continuous more or less 
distinctly with the neighbouring adenoid 
tissue, and resembling it in all respects ex- 
cept that the fibrea are, as a rule, finer, and 
the meshes smaller. 

b. Around parts of the follicle, narrow spaces 
between it and the surrounding tissue ; these 
represent the lymph-sinus on the outside of 
the follicle. 
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c. The leucocytes scattered on the outside o^ 1 
but especiiiU; abuodant within, the follicle, 

2. Examine prepared sections of a Peyer's patch i 
with the blood-vessels injected. Note the capil- 
lary network in the follicle showing usually a I 
radial arrangement. 

3. Examine prepared sections of a Peyei 
with the lymphatic system injected. Note that 
the injected material envelops to a greater or 
less extent the separate folhcles; it occupies the 
lymph-sinua spoken of above aroitnd each follicle 
and does not penetrate into the interior of the 
follicle. . 

4. Take a small lymphatic gland (e.g. one of those 
lying near the sub-maxillary gland in the cat or 
dog) which has been preaervcd' in ammonium 
bichromate 2 to 5 p. c. and cut sections passing 
through the whole gland and including the hilua. 
Shake the sections in a test-tube with water to 
get rid of most of the leucocytes, stain with 
carmine or picrocarmine and mount in glycerine. 

' Good Bpecimena are more certainly ottained by the following 
method. A cat or dog ie Mlled (best by bleeding after chloroform has 
been giveo) and warm salt Bolntion is injected into a carotid for » j 
qnarlet to half an hour, the lymphatic glanda of the neck are then ' 
cut oat and placed in ammonium bichromate 5 p. c. for a tew days, 
sections are cut njth a freezing microtome and shaken. In «eotioliB 
io prepared the lymph channels are almost completely free from 
leuoooytes and by carefal and more prolonged shaMng they may 
he removed very largely from the follicles and mednllary conls. 
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a. Observe under a low power 

a. The connective-tissue of the capsule 
surrounding the gland and sending ia 

^. The trabecuIiB which divide the outer 
portion of the gland, the cortex, into 
compartments the alveoli, and which 
then in the inner portion, split up into 
bands forming a network with rather 
narrow, elongated meshes, the medulla 
of the gland. 

7. In the alveoli of the cortex the roundish 
masses of tissue crowded with leucocytes, 
the folllcIeB of the cortex; in the inter- 
trahecular spaces of the medulla the 
elongated masses of similar tissue the 
medullary cords. Note that the folli- 
cles are continuous with the medullary 
cords. 

S. Around the follicles and around the me- 
dullary cords and separating them from 
the trabeculsB the lymph-channela 
comparatively free from leucocytes, 

b. Observe under a high power 

a. The connective- tissue of the capsule and 
trabecule (in some animals e.g. os, this 
contains unstriped muscular fibres) con- 
tinuous with 

^. The reticulum of the lymph-channels. 
13 



line ^^M 
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y. Limiting the follicles and medullary 
cords may usually be seen a fi. 
with nuclei at intervals, indicating the 
flat cells bounding the lymph channel 

S. The adenoid tissue of the folhcles and 
cords, with finer fibres and smaller meshes 
than that of the lymph channels; unless 
the section has been well shaken this 
will be largely hidden by leucocytes. i 

Examine sections of glands with the blood-vessels 
injected. 

The arteries enter at the hilus surrounded by 
connective tissue and branch in the trabeculae 
of the gland. From the smaller of these branches 
fine fljteriea run to the follicles and medullary 
cords and form in them a capillary network. 
The veins have a distribution similar to that of 
the arteries. 



Take the spleen of a cat which has been hard- 
ened in ammonium bichromate 5 p. c. and cut 
out a piece at right angles to the long axis of 
the spleen. Prepare sections of this with the 
freezing microtome (cp. Appendix) or if that is 
not available take a portion of the piece, imbed, 
and cut by hand. Stain some sections with 
picrocarmine and mount in glycerine. Observe 
under a low power 



I 




THE LYMPHATIC STSTEM. 

Externally the broad fibrous sheath, the cap- 
sule sendiag in 

Large and conspicuous trabeciilee; these 
run throughout the spleen branching as they 
go into roundish bundles which are connected 
with other similar bundles and so form an 
irregular trabecular network throughout the 
Bpleea: the bars of the network cut in all 
directions will be seen scattered about the 




c In many of the trabeculte largish central 
spaces the veins, which may contain blood 
corpuscles, will be seen, devoid of any proper 
muscular and connective tissue coats ; in the 
centre of the section lai^e trabecule cut 
transversely or obliquely will probably be 
seen containing both arteries and veins ; if 
the section passes through the point of en- 
trance of the vessels these will be seen run- 
ning towards the centre surrounded by tissue 
continuous with the capsule. 

d. The splenic pulp occupying the spaces of 
the trabecular network ; it resembles some- 
what the follicular substance of the lymphatic 
glands but has a yellowish-mottled appear- 
ance, in it will be seen roundish masses of 
tissue, the SlalpigliiaJi corpusolei more 
deeply stained than the splenic pulp, the 
small arteries are surrounded by a variable 
amount of similar tissue. 

13—2 
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e. Examine the splenic pulp under a high power 
and note that the mottled appearance is due 
to the presence of red blood corpuscles scat- . 
tared irregularly in it 

2. Prepare a section aa thin aa possible of a dog's 
spleen, from which the hlood has been washed 
out by injection with salt solution, and which 
has subsequently been injected' with and then 
preserved in ammonium bichromate 5 p,c. Stain 
with dilute picrocarmine shake and mount in 
glycerine. Observe under a high power. 
a. There are no distinct lymph-cbannelsi 
6. The reticulum of the splenic pulp varies in I 
appearance in different places ; in places it J 
appears as a network of cells having in vari- i 
ous directions flange-like projections wMdl^ 
taper o£f and join with the similar process 
of neighbouring cells; elsewhere the cellal 
may be nearly or wholly absent and a reticu- 1 
lum of fine fibres be seen. Some leucocytesJ 

1 As soon RB possible after the aniniBl hiu been killed (best li 
bleeding onder chloroform) all the branches of the ceeliao arterf e 
cept tbe Bplenio bianchea are tied and warm salt soltitioD ia 
into the arterj' nstil tlie apleen is qnite pale; then the sotntion of 
ammonium bichromate ia injected until the spleen is yellow, the 
splenio yeina are then ligstnred, the spleen a little distended bjr 
further injection and the arteriei tied. The sploen is removed to 
6 p. 0. ammoninm bichromate; in two days it is cnt in pieces and left 
in bichiomate solntion for a v/eei or longer. The pieces are thea 
placed In SO p. c, alcohol which is renewed nntil it ia no longer 
coloured, sectioDB may then be made (beat with the freezing n 
tome) or the piecea may be kept in 7S p.o. alcohol. 
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and red blood corpuscles not washed out of 
the reticulum will be present. 

c. The reticulum of the Malpighian corpuscles 
resembles that of the follicles of lymphatic 
glands, in its meshes are many leucocytes, 
but no red blood corpuscles. 

rf. The small arteries, capillaries and veins of 
the pulp; the veins branch out from the 
trabeculaa and have sharp outlines with 
nuclei at intervals (they may usually be 
recognized in the dog by the spiral lines 
running round them). 

e. The trabeculee are chiefly composed of un- 
striated muscle tissue (the amount of this 
varies in different animals, in some it is veiy 
small). 

3. Prepare a section of spleen injected' with Berlin 
blue fix)m the splenic artery under a low pressure. 

' A dog is perhapi the beet (or injeotlan, bat a oat or a rat bdbww ' 
the pnrpoBG veiy weU. In a dog the iadividual art«Tiea and ti 
vhich zaa to tha spleen are large eaoiigb to be eaail}' injected 
separately, and BincB the fluid (eBpeoislly with an arterial injection} 
doee Dot readily spread out beyond the aection of the spleen directly 
supplied by the veBsel, a nnmber at injections may ba mode in the 
BBine Rnimal. Tiie whole spleen sboold be vaahed out first from the 
c<£liac artery. To avoid clotting it is advisable to inject 10 p. o. 
peptone into the jugular bufore bleeding. The best injection roaterial 
is a '2 p. 0. solution of nitrale of silver, after the injection pieces of 
the spleen are put in 75 p.o. alcohol for a day or two, then cut with 
the freezing microtome and exposed to the light. The dieappearanM 
of the epithelium of the oapillariea and small veins of the Bplenin 
polp show iu the clearOEit manner the opening of these into the apucei 
of the pulp. 
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Canada balsam. Note under 



Clear and mount i 
a low power 

a. The sroall arteries brancliing off to tte Mal- 
pigbian corpuscles; the artery penetrates the 
corpuscles usually esoentrically, and eithw 
divides into a number of capillaries which 
form a network in the Malpighian corpuscle, 
or passes on into the pulp giving off a branch 
which divides into capillaries in the corpuscle. 

h. Capillaries in the adenoid sheath of the arte- 
ries, but less numerous than in the Malpighian 
corpuscle. 

c. Small arteries dividing into capillaries in the ( 
splenic pulp. 

d. Small tufta of splenic pulp injected with.] 
blue at the ends of the capillaries of the puljL 1 

e. Irregular masses of injected splenic pulp out- \ 
side the Malpighian corpuscles and adenoid ] 
tissue of the arteries where the capillaries -I 
open out into the pulp. 

If too great a pressure has been used in injecting, ' 
instead of the tufta of injected pulp at the end 
of the capillaries, irregular areas of the pulp or 
the whole of it will be permeated with the Berlin 
blue; the Malpighian corpuscles and the adenoid 
tissue of the arteries will be free from injection 
unless the pressure used in injecting has been 
very great 



i 
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Prepare sections of a spleen injected with Berlin 
blue from the splenic vein under a low pressure. 
Observe 

a. The veins in the trabecuhe filled with injec- 
tion material. 

h. The veins of the pulp more or less distinctly 
branching out from the trabeculie. 

c. The irregular masses of injected pulp at the 
ends of the veins. 

If the pressure used in injecting has been high 
the splenic pulp will be permeated with blue as 
with an arterial injection under high pressure. 



Cut across a fresh spleen, preferably one from 
which the blood has been removed by injecting 
normal salt solution through the splenic artery, 
and examine the cut surface with the naked eye. 
Note the white Malpighian corpuscles. With 
curved scissors cut out one including some sur- 
rounding tissue, and tease it out well in normal 
salt solution. Observe the large number of 
leucocytes of very variable size floating about, 
some not distinguishable from white blood - 
corpuscles, others twice, others three times as 
large ; in some of the cells scattered about will 
be seen brownish-red fragments, stages of the 
breaking down of red blood- corpuscles. Try to 
make out the constituents of the reticulum 
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C. Lymphatic Capillaries. 

The lymphatic trunks need not be noticed, since i 
their structure is essentially the same as that of I 
the veina. (Lesson xn.) 

1, From a frog remove the intestines (and if neces- ■ 
Bary the oviducts) as in Lesson x. E. It will be 
seen that the peritoneum above and to the 
outside of the kidney is not adherent to the 
lumbax muscles, but is separated by a space — the i 
cisterna magna iymphatica. Turn the frog over, 
raise the vertebral column near its end with | 
forceps, cut it through; cut through the abdomi- 
nal walls parallel to the vertebral column and 
about half an inch from it, taking care not to 
injure the underlying peritoneal wall of the 
cisterna ; cut through the vertebral column about 
an inch in front of the first cut ; the dorsal sur- 
face of the peritoneal cisternal wall will now be 
Been attached to the kidneys in the median line 
and to the abdominal walls laterally. Place a 
ring of cork underneath the kidneys and attached 
membrane and cut through the abdominal wall 
close to the edge of the membrane, inserting a | 
hedgehog quill after each cut to keep the mem- 
brane flat but not tense. Having thus separated . 
the membrane, stream it gently with salt solution I 
then veiy briefly with distilled water, im 
diately after this pour on both sides of it a little \ 
nitrate of silver solution 0-5 p.c. (or place it i 
the solution) and leave it for five to ten j 
minutea Wash it well with distilled water, and 
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expose to tight. After twenty-four hours, divide 
it in two pieces, mount them in glycerine, one (a) 
with the peritoneal surface uppermost, the other 
(6) with the cisternal surface uppermost. Observe 
in (a) 

a. The peritoneal epithelium, consisting of large 
flat cells with a slightly sinuous outline. 
This is the usual character of the cells lining 
serous cavities. 

y3. Where several more or leas triangular cells 
seem to radiate from a common point, note 
at their apices the small granular nucleated 
celU surrounding the orifice or Btoma lead- 
ing from the peritoneum to the cistema. 

a. The lymphatic epithelium, consisting of flat 
cells, smaller than the peritoneal epithelium, 
and with a very irregular sinuous outline. 

/3. The stomata ; very much as in (a). 

2. Treat with nitrate of silver' the peritoneal 
surface of the diaphragm of a guinea-pig and 
when stained mount a piece of it with the 
peritoneal surface uppermost in Canada balsam. 
Observe 

a. The tendon bundles of the diaphragm arrang- 
ed in two layers. The spaces between tiie 

> The Stndent should by tMs time be snClleiraitl? Tainiliar nitli 
the method of uaiag bUtgi mtrato to require no ftuthei lastnictiaaB. 
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hundiee mark for the most part the course of 
the lymphatic capillaries of the tendon (cp^ 
§3)- 

h. Superficial to the tendon bundles the epithe- 
lium of the peritoneum consisting of flat 
polygonal cells. These are larger over the 
tendinous bundles than over the intervening 
spaces. Stomata similar to those of § I a. /3. | 
may be seen, situated over and commtmicat- 
ing with the inter-tendinous spaces. Pseudo- 
stomata, irregular patches of staining sub- ' 
stance at the junctions of the cells, are 
frequent. I 

In a guinea-pig or rabbit brush firmly the i 
pleural surface of the diaphragm with a camel- 
hair brush to remove the surface epithelium and 
treat with nitrate of silver. Mount in Canada 
balsam with the pleural surface uppermost. 

a. The small lymphatic vessels, running a little 
above the tendinous bundles and lined with ] 
somewhat irregular spindle-shaped epithe- I 
lium. In places the curved outline of i 
valve may be seen. 

b. The superficial lymphatic capillaries vrfth 
their characteristic sinuous epithelium con- 
tinuous with the lymphatic capillaries of the 
inter-tendinous spaces. 

c. The origin of the lymphatics. This is beat J 
seen in specimens deeply stained with nitrate 
of silver, so as to produce the so-called 
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negative image. Note the clear branched 
spaces, whose sinuous outline resembles that 
of an epithelium-cell of a lymphatic capillary. 
The clear spaces, cavities containing unstain- 
ed connective-tissue corpuscles, stand out in 
strong contrast with the surrounding stained 
matris. The junction of these spaces with 
a lymphatic capillary, may here and there be 



DEMONSTRATION. 

The injection of the lymphatics of the testis. 
(Schiifer's Practical Histology, p. 216.) 



LESSON XIX. 

STEUCTURE OF LIVER. GLYCOGEN. 

A. Structure of Liver. 

1. Prepare sections of the liver of a frog, snake or 
bird, treated with 1 p. c. osmic acid and subse- 
quently with alcohol Mount a section in dilute 
glycerine. Observe with a low power that the 
gland apart from the ducts and ductules consists 
of anastomofldne^ tubes between which the 
blood capiUaries run. 

Observe with a high power 

a. The tubes. In transverse section they are 
seen to consist of four to six liver cells, each 
cell containing a large nucleus usually in its 
outer portion. 

6. The bile capillaries ; these are the lumina 
of the tubes ; in longitudinal sections of the 
tubes the bile capillaries are seen to take a 
zigzag course between the inner ends of the 
cells. 



OTRUCTORE OF LIVER. GLYCOGEN. 



205 



c. The cell granules. According to the cod- 
dition of the animal from which the liver 
was taken, these are seen to stretch through- 
out the cell or to be grouped around the 
lumen (bile capillary). 

d. The at globules, stained black with oamic 
acid, they vary greatly both in number and 
position according to state of the animal from 
which the liver was taken. 

e. The glycogen content of the cells. Mount 
a section in water and run a little strong 
iodine underneath the cover-slip, the parts of 
the cell containing glycogen will stain a deep 
brown-red (cp. B, § 2, a). 

Prepare sections of a mammalian liver, prefer- 
ably that of a pig, hardened in MuUer's fluid 
or potassium bichromate 2 p. c The sections 
should be made parallel to the surface of the 
liver. Stain with baeraatoxylin and mount in 
glycerine. 

a. Observe with a low power 

a. The division into lobules. 

/3, In the centre of most of the lobules the 
very thin-walled hepatic or Intralobu- 
lar veinlet; those in which it is not 
seen have, been cut through near the 
outer end of the lobule. 
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y. Between tlie lobules the thin-walled 
portal or Interlobular Telalets, some 

of them of considerable size; and the 
branches of the hepatic artery, small 

but with compai'atively thick walls. 

8. Between the lobules may also be seen \ 
small bile-ducts, with cubical or colum' 
nar epithelium and distinct lumina. 

e. The hepatic cells radiating more or 
less obviously from the hepatic veinlet. 

b. Observe with a high power 

a. The polygonal outline of the hepatio 
. cells; the coil-substance is granular 
and contains one or more spheroidal 
nucIeL 

j8. The capillaiy blood-vessels, running out 
from the centre of the lobule between 
the rows of celb, and joining with one 
another at intei-vals by cross branches ; 
they are usually traceable by their con- 
taining blood corpuscles. 

7. Thebile-ducts.theircolumnarepithelium 
with distinct nuclei In some of the sec- 
tions the epithelium may be seen to 
become shorter and more cubical as the 
duct approaches a lobule. The duct it- 
self often appears to end abruptly at the 
margin of the lobule. 
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3. Prepare sections of liver, the blood-vessels of 
■which have been injected with Berlin blue or 
with carmine -gelatine. Clear and mount in 
Canada balsam. Observe comparing with the 
uninjected specimen a. 

a. The hepatic veinlet, seen according to the 
plane in which the lobule is cut, either as a 
more or less circnlar section, or as a short 
veinlet passing from the centre of the lobtile 
to the sub-lobular vein. 

b. The portal veinlet running on the outside of 
the lobule. 

c The radial capillary network between the 
portal and hepatic veinlets united by nu- 
merous cross branches, commonly there ia 
only one row of cells between the radial 
capillaries. 



Mount in Canada balsam a section of mammalian 
liver which has been injected from the bile duct. 
The bile capillaries will be seen within the lobulea 
as a fine network of minute threads of injected 
material, passing between and over the surfaces 
of the cells. 



Scrape a small portion of perfectly fresh liver, 
and observe the pale, granular, hepatic cells, 
often containing fat globules (cp. § 2, b, a.) 
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B. Glvcogex. 




Give a rabbit a Ml meal' and about six hours 
afterwards decapitate it, cut out the liver as 
rapidly as possible, disregarding the bleeding. 
Remove the gall-bladder and cut up one half 
of the liver into small pieces and throw them 
straightway into about 200 times their bulk of 
water which is already boiling. (Place the other 
half in the warm, keeping it moist {cp. § 3).) la 
about five minutes, when the pieces in the boiling 
water are all thoroughly coagulated, and the 
ferment has been destroyed, remove them and 
pound them in a mortar into a paste with sand; 
mix this paste with the water previously used, 
just acidulate with dilute acetic acid (to ensure 
the complete coagulation of albumin) and boil 
for a few minutes. Let it stand till the coagulated 
proteids have settled, and filter the milky fluid 
through a coarse filter. The sediment may be 
squeezed in linen, and the expressed fluid thrown 
on the filter. The opalescent filtrate is a crude 
infusion of glycogen. The above will a£Ford ma- 
terial for several students. 

If it contains muck proteid material, it should be 
carefully neutralized, boiled again, and filtered. 

a. Place a few c. c. of the fluid in a test-tube, and I 
add a drop or two of iodine solution. A port- i 



I 



' The rabbit may be fed on bnui ani carcola. 
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wine colour will result which will rapidly 
disappear if much glycogen ia present, if so 
add more iodine until the colour ia permanent. 
Warm gently ; the colour will disappear, but 
will return on cooling (unless much proteid 
matter be present). 

Test 6 c.c. for sugar with Trommer'a test 
(cp. Lesson xv. D § 7); a small quantity 
only will be found. 

Add to lOcc. (neutralizing if acid) a little 
saliva, or artificial pancreatic juice, and place 
it in the warm chamber; the opalescence will 
disappear, and the fluid become transparent. 

a. To 5 c,c. of this add iodine as before; the 
port-wine colour will not appear, showing 
that glycogen is no longer present. 

/S. Test the other See. for sugar; much 
more than before will be found. 



After some hours' warming, make a decoction of 
the other half of the liver. It will probably 
be acid, neutralize with sodium carbonate and 
filter. 

a. The decoction will he clearer, more trana- 
parent, and less milky. 

6. It will give less port-wine colour with iodine. 
c. It will contain sugar in abundance. 

14 
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By a post-mortem change, glycogen present in 
the liver at the moment of death, is converted 
into dextrose. 



DEMONSTRATION. 

Artificial Diabetes, 



LESSON XX. 



THE STRUCTURE OF THE LUNG. THE 
MECHANICS OF RESPIRATION. 



Cut off the head of a newt. Cut through the 
skin in the median ventral line of the body, and 
expose the lunga. Cut across the aorta, Pasa a 
silk thread under the anterior part of ODe lung 
and uademeath the thread and lung place a 
small piece of cardboard. Seize with fine 
scissors a small part of the wall of the lung and 
snip it with fine pointed scissors, then, pressing 
a glass cannula somewhat against the underlying 
cardboard introduce it into the hole made in the 
lung. Tie the silk thread tightly around the 
neck of the cannula. With a pipette fill the 
cannula with 0*5 p.c. gold chloride solution, and 
pressing it on a small piece of india-rubber 
tubing which has been previously fitted to the 
cannula, distend, but not too strongly, the lung ; 
on raising the cannula and alternately pressing 
and leaving free the indiarubber tube, any air- 
bubbles which may be in the lung wiU pasa into 
the cannula. Clamp the tubing in such a way as 
14—2 
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to leave the lung fairly distended. Paaa another I 
thread under the lung and tie it close below the 
mouth of the cannula. Holding up the thread 
cut away the lung from its attachments and 
place it in gold chloride 05 p.c. solution for 
about fifteen minutes. Then remove it to water, 
cut it open longitudinally, and get rid of the 
excess of gold solution by gently shaking the 
lung in water once or twice renewed. To reduce 
the gold expose it to hght for about 2i hours ia I 
water acidulated with acetic acid. 
Whilst cutting open the lung note that it ia a i 
simple sac with a smooth hmer surface. 
Mount a piece in glycerine with the inner surface , 
uppermost, and observe with a high power 

a. The nuclei of the epithelium cells, 

occurring in the inter-capillary fosste in 
groups of two to four. Sometimes a nueleua 
may be seen to be surrounded by a small 
amount of protoplasm coloured violet or red- i 
purple Uke the nucleus. The cell outlineB | 
are rarely to be made out. 

b. The close capillary network running hetween i 
the nuclear groups. In this will probably be | 
seen blood corpuscles with deeply coloured i 
nuclei. On focussing below the capillaries the I 
long stained nuclei belonging to the coat of J 
unstriated muscular fibres may be seen. 

Distend the lungs of a frog with 30 p.c. alcohol ;j 
ligature each lung at its origin and place one (oj' 
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in 30 p.c, alcohol for an hour or more, then in ■ 
strong spirit for about an hour ; leave the other 
(0) in 30 p.c. alcohol for two to three days. 
Cut open (a) and observe 

a. The large central space. 

b. The somewhat short primary septa running 
inwards from the wall of the lung, and form- 
ing a number of polygonal chambers open 
towards the central spaoe. 

c. Short secondary septa, projecting into the 
chambers from the primary septa. A lena 
may be required to see these distinctly. 

Scrape the inner surface of (jS) and mount in a 
drop of iodine. Observe with a high power 
The isolated epithelium cells, consisting of a 
thin ground plate having near one border a 
nucleus with a little surrounding protoplasm 
stained with iodine. 

Make transverse sections from the posterior part 
of a small mammalian trachea, which has been 
hardened in chromic acid "5 p.c. The section 
should be so taken as to cut through the ends of 
a tracheal ring and include the membranous 
part between them. Observe 

a. Externally, the fibrous coat of loose connec- 
tive tissue, becoming denser towards the 
tube of the trachea ; in this are embcddt.'U 
the two ends of the ring of cartllago. 
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b. Stretching between the ends of the cartilage, 
a transverse band of unstriped muscular 
fibres; there may also be visible outside 
this the cut ends of muscular fibres running 
longitudinally. 

c. The submucous coat continuous with the 
fibrous coat, but of finer fibres. 

d. The small mucous and serous glands, the 
alveoli of which form a nearly continnousi 
layer in the submucous tissue ; the ducta 
■will be less evident, but they may be seen 
running towards the surface, and occasionally 
opening on it. 

e. The cut ends of elastic fibres, which fonn a 
distinct longitudinal layer, on the inner aide 
of the submucous tissue. It will be seen 
that this is most marked in the membra- 
nous part of the trachea ; here, too, the 
fibres are frequently collected into bundles. 

f. The mucous coat. In this may be seen 
a. A number of fine elastic fibres with , 

variable quantity of adenoid tissue. 

^. The distinct basement membrane. 

ly. The epithelium, consisting of long colum- 
nar ciliated cells, and of two, three, or 
more layers of small cells Ijung between 
the basal processes of the ciliated cells. 
If the trachea has not been carefully 
hardened and prepared, the cilia may J 
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appear only aa a graaulax border lying 
on the columnar cells. Goblet-ceUs will 
probably be eeen amongst the ciliated 
cells. 

Make longitudinal vertical sections of trachea, 
taken through the tracheal rings, and compare 
them with the transverse sections, noting es- 
pecially the elastic and muscular elements. 

Take a piece of mammalian lung which has been 
distended through the trachea with chromic 
acid -2 p.c^ and hardened in the same fluid (the 
lung of a fcetal or new-bom ariimal serves best). 
The chromic acid having been thoroughly ex- 
tracted from it by alcohol (cp. p. 69 C, footnote) 
place it in dilute hsematoxylin for one to two 
days so that it is deeply stained. Remove it to 
75 p.c. alcohol or to the fluid in which htema- 
toxylin ia dissolved (cp. Appendix) renewing the 
alcohol as long as it becomes coloured, then place 
for ten minutes or longer in strong spirit, and in 
absolute alcohol. With blotting-paper remove 
the excess of alcohol and transfer to bergamot 
oil or oil of clovea for an hour or more. Then 
remove the excess of oil and let the piece of lung 
soak for two hours or more in just melted 
paraffin or in a mixture of spermaceti (1 part) 
and castor oil (4 pMts). Imbed in the samo 
substance and prepare sections, using olive oil to 
wet the razor; treat the sections with creosote 
and turpentine and mount then in Canada 
balsam. 
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a. Sections of blood-vessels (cp, Leseon xii). 

b. Sections of bronchia. Note that 
The Bections of the larger bronchia resemble 

sections of trachea, except that 

a. The cartilages are irregular in form, and 
irregularly scattered throughout the 
fibrous coat. 

/3. The transverse muscular fibres now form 
a complete ring in the sub-mucous coat. 

From the smaller bronchia the cartilages are 
absent, but the muscular fibres still con- 
tinue as scattered fibres arranged trans- 
versely. 

c. The passage of a small bronchial tube into an 
infundibulum (this may be seen occasionally 
in a section). Note that 

a. The columnar ciliated cells become 
shorter and lose their ciha. 

/S. The muscular fibres apparently cease. 

7. The longitudinal fibres spread out into 
an irregular meshwork. 

d. Sections of alveoli. 

a. The outline of the alveoli: the distinct 

basement membrane. 
0. The flat, tesselated epithelium'. This 



' The oatlineB of the epithelium oalla of the ftlveoli may be 
rendeied erident bj treatment with eilvei nitrate in the tollowitiif 
manner. lo a just killed mammal, a cannola is tied in the trachea, 
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will be seen best where a portion of the 
wall of the alveolus is left flat in the 
section; sometimes it may be seen in 
profile. 

The elastic fibres of the alveolar wall. 



The nuclei and C( 
capillaries. 



walls of the 



Take a piece of mammalian lung the blood- 
vessels of which have been injected. Treat as in 
§ 5 but without etaining. 

Observe the close-set capillary net-work over the 
alveolus, and the artery forming a circle round 
the mouth of each alveolus. 



DEMONSTRATIONS, 

1. The circulation in the lung of toad or frog. 

2. Tracing on the revolving drum of the movements 
of the column of air in respiration. 

Ihe thorai pnnctared on each side (or the chest walle removed) and 
the Innga dUtended with a '2 p.c. Bolntion of silver nitrate; by 
uilematel; foioing the fimd in acd drawing it ont of the Inngs the 
ur will be gradaallj displaced by the silver solation ; when this is the 
esse, 60 p.o. sloohol ia eeveral times injected into and drawn out of 
the lung BO that the nitrate of silver ia displaced bj 30 p.o. alcohol, 
this ia then displaced by 60 p.c, and so on up to strong spirit with 
which the longs are distended ; the trachea is then tied, the lnnga cut 
out and placed in strong spirit. Sectiona (heat out with a fteozinB 
microtome) are exposed to tight and treated as ueiial. 
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3. The movements of the diaphragm. 

4. Apnoea. 

5. Slight dyspnoea. 

6. The action of the respiratory muscles in 
dyspnoea. 

7. The collapse of the lungs on puncturing the 
thorax, and the consequent futility of the respira- 
tory movements. 

8. The action of the phrenic nerve. 



LESSON XXI. 



THE COLOUR OF BLOOD. RESPIRATION. 



PODK a little defibrinated blood' into several 
test-tubea (a) — (d). 

a. Keep for comparison ■with the rest. 

h. Add an equal volume of water and warm to 
about aO* C. 

c. Add a few drops of ether or chloroform and 
shake. 

d. Add a little bile or solution of bile salts and 
shake. 

The blood in (6) (c) (d) will be laky Le. com- 
paratively transparent owing to the hemoglobin 
of the corpuscles having been dissolved in the 
fluid ; compare the colour with that of (a), 
compare also the transparency of (a) (c) by 
placing a drop of each on a glass slide and 
attempting to read type through it. 



> This mo; be obtaiaed from the fautoher'B. 
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2. Place a rat or guinea-pig under a bell-JM- with 
a sponge moistened with chloroform. When it 
is thoroughly under the influence of the chloro- 
form, quickly open the thorax, and cut acrosa 
the heart Collect the blood in a glass beaker, 
and defibrinate it; pour the defibrinated blood 
into a platinum crucible surrounded by a mixture 
of ice and salt. Leave it till it is firozcn. Then 
remove it from the ice and salt, so that it may 
thaw. By this means the blood-corpuscles will 
be broken up, and the blood will become laky 
(cp. § 1). If the blood does not become 
thoroughly laky it should be &ozen and thawed 
f^ain. 

Place the laky blood on one side in a cool place 
(it ia beat to surround it with ice) for a day. 
A sediment will then have formed consisting 
partly of haemoglobin crystals' and partly of 

^ Blood DT^'stals in quantity maj' be obtatced in one of the tollovping I 

. To defibrinated blood add ether gradually. ehakiDg coatiimoaHlj 
□util tbe blood beoomes laky (Che loluaie o! ethei required iB 
about ^j tbe vol. of the blood taken), place it then id the cool I 
(or one to tbree days. Dog's blood treated thue often yields 
Eiyatala aa soon as it is cooled. 
Blood is treated as in § 3, but the washing is repeated manjr J 
times; to 10 c.o. of tbe crude eolation of hiemoglobin which ia 1 
obtained add strong spirit drop by drop ; ahakJog continually I 
Kipitate is obtained, note tbe amount of spirit added, I 



4 



la -ecu. to each 10 c.o. of Iha ] 

I, shaking well as the spirit ia I 

are of ice and ealt; after some ] 

bonrs to a day decant as much fluid as possible and filter tbe [ 
remainder: the crystals on the filter may be washed i 
80 p. 0. alcohol and subsequently with water both at Q°C. 



add this amount of spirit min 
rest of the hamoglobia solutioj 
added; then plac 
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broken-up corpuscles. Mount a little of the 
sediment and examine under a high power. 
Note 

a. The cryBtala of hasmoglobln (oxyhiemo- 
globin); those of the rat are thin rhombic 
prisma ; those of the guinea-pig are ap- 
parently tetrahedra but in reality belong also 
to the rhombic system. Look for a. clump of 
crystals to observe better their bright red 
colour, 

b. The decolorized red blood corpuscles; these 
will be seen as pale rings mixed up with 
a good deal of granular debris. 

Sometimes defibrinated guinea-pig's blood yields 
crystals when a drop of it is simply mounted 
with a drop of chloroform ; usually crystals may 
be obtained without leaving the blood for a day 
in the cool by placing a little of the frozen blood 
on a shde, putting on a cover-slip, warming 
gently over a flame for about half a minute and 
then cooling; as the blood cools crystals separate 
out. 

3. Let blood (a large quantity is best) clot in a 
beaker, leave it for a day, then pour off the 
senim, mince the clot and shake the fragments 
gently with an equal volume of cold water, place 
a piece of muslin over the beaker and pour off 
the fluid ; repeat this two or three times, then 
treat the residue with about three times its 
volume of water (best at temperature of about 
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iCC.,) squeezing the pieces; filter through 
coarse filter. A crude eolutioa of hfemoglobiu 
is thus obtained. 

4. Arrange a spectroscope so that the spectrum 
a flame and the scale are distinctly seen'. Hold 
in the flame a wire having a few crystals of 
common salt upon it and observe the bright 
yellow sodium line (i)). Shift the scale so that 
the sodium line is at 58'9 of the scale aud 
clamp the spectroscope tubes. 
The numbers on the scale indicate wave-lengths 
in hundred-thousandths of a millimetre, so that 
each division corresponds to a difference of a 
hundred thousandth of a millimetre, aud each 
tenth of a division corresponds to a millionth of 
a millimetre, in wave-length. The wave-length 
of the line D is 589 millionths of a millimetre, so 
that when this line is placed at 5S'9 of the 
scale, the wave-lengths of the parts of the 
spectrum can be read off on the scale*. 
The spectra described below should be carefully 
drawn on a blank scale like that of the spectro- 
scope, the position of Frauenhofer's lines B, C, H, 
E, F being filled in from the following table 

' Cp. GaraRee, Physiol. Oieraigtry i. 93. The DemonstrBlor will 
shew the methuJ of neiug the iDEtniment. 

* If this bcSiIb IB not present in tbe spectroscope ased, the poBition 
of the sodiam Ehoold he obaerved; btinR then tbe micrometer wire 
exactly overltaod readoEt on the vemier the position of the telesoope. 
In the Bnbseqnent obseiratiana when tbe telescope is lironght into the 
poaitioQ lead oS, the micrometei trire will give the puaitiun of the D i 



b a ^M 
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of the wave-lengtlia of these lines expressed 
(roughly) in milliontba of a millimetre, B = 687, 
(7=657, iJ=589, J'=527, F = 486. If prac- 
ticable these lines should be observed in the 
solar spectrum. 

Introduce between the flame and the spectro- 
scope a much diluted solution of hiemoglobin. 
Note 

a. The two absorption bands, both between the 
lines D and F; the one (o) near J) being 
narrower and darker than the one(;8) near J? 
(if the solution is very dilute, (o) may be the 
only band seen). 

b. The middle of (o) is about w.l. 578', that 
of OS) about w, L. 5i0. 

5. Increase gradually the strength of the solution. 

a. The spectrum ia more and more cut off both 
at the blue and at the red end, but especi- 
ally at the former. The absorption bands 
are both blacker and broader, 

b. As the solution becomes stronger, the two 
bands run together, the ends of the spectrum 
also sufii;ring absorption, so that Hght passes 
through only in a space in the green (middle 
about w. L. 507) and a broader space in the 
red (middle about w. L. G50). 

c. With a still stronger solution, the green light 

•a Bomevhat vitb tUs 
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also ia absorbed, and only tbe red is visible, I 
and this at last disappears. 

Keduce the oxyhEemoglobm solution with Stokes's 
reducing' fluid in the cold, or with a few drops of 
ammonium sulphide solution warming gently. 
a. Compare the claret colour of tbe reduced 
hsetnog'lobin solution with tbe bright scar- 
let of the original solution. _ 
h. Examine with the spectroscope. There iB&j 
single broad band, occupying a position in- 
termediate between those of the two oxy- 
hiemoglobin bands which have disappeared. 
The band ia not quite intermediate ; its mid- 
line (w, L. about 563) Kes nearer D than E. 
This single band is much less dark than 
either of the two bands produced by the 
same quantity of osybiemoglobiD. 
c. With stronger solutions less of the bine of 
the spectrum and more of the red (between 
C and /)) is absorbed than with a solution of 
oxyhtem oglobin. 

Shake well the reduced solution, pour it two or 1 
three times from one vessel into another so as to 1 
expose it thoroughly to air ; and examine it at 
once. The bright scarlet colour will be restored; 
the oxyhiEmoglobin spectrum will reappear. 
If allowed to remain at rest, reduction, from 
excess of reducing reagent present, may Booa 1 
return. 

' See Appeodii 
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Esamine the spectrum of blood-crystals either 
with the microspectroacope or by placing a thick 
layer of crystals on a glass slide before the larger 
apectroscope. The spectrum of oxyhssmoglobin 



Pass carbonic oxide through an oxyhaemoglobin 
solution for fifteen to thirty minutes. 

a. Note the peculiar bluish tinge acquired. Es- 
amine the apectnim ; two bands are seen 
like those of oxyhemoglobin, but both placed 
more towards the blue end ; the middle of 
(a) is about w. L. 572, of (0) about w. L. 535, 
In the absence of a wave-length spectroscope, 
oxybsemoglobin and CO-hsemoglobin may be 
compared as follows. Plaoe some of the oxy- 
biemoglobin solution before the spectroscope, 
bring the micrometer wire to tM middle of 
one of the bands, and fix the telescope in 
position. Replace the oxybiemoglobin solu- 
tion by the carbonic oxide bsemoglobin solu- 
tion and examine; the middle of the band 
will now be to the blue side of the wire. 

b. Treat the carbonic oxide bsemoglobin with 
either of the reducing agents used above. 
Reduction will not take place. 

10. Take a few c.c. of a solution of crystals of hasmo- 
globin. 

a. Boil; the proteid constituent will be co- 
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b. Add drop by drop HCl 1 p.c., the hsemo- 
globin will be split up and the proteid 

constituent precipitated ; add an equal bulk 
of ether and sbake, the colouring matter 
(htematin) will be largely dissolved in the 
acid-ether ; with a pipette remove the lower 
stratum of fluid, add a few drops more acid 
and place at about 40° C, , the proteid precipi- 
tate will be converted into a<:id-albumiQ and 
dissolved ; neutralize, it will be precipitated 
and may be examined for the ordinary cha- 
racters of acid-albumin. 

Place a drop of blood on a glass slide, and 
gently warming evaporate it to dryness : add 
it a grain of salt, and thoroughly mis it with 
blood, nibbing the whole to a fine powder.'' 
Cover with a cover-slip, and let a little glacial 
acetic acid run under it. "Warm the slide, not 
too rapidly, over a flame till bubbles appear 
under the cover-slip ; then let it cool, and ex- 
amine under a microscope with a high power. 
A large niunber of ctyetals 
brown-red rhombic prisms will be seen. 



[ler.^| 



DEMONSTRATIONS. 

The spectra of 

o. Hsematin in acid and alkaline solutions. 
h, Haematin reduced in an alkaline solution. 
The gases of the blood. 
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3. The colour of venous and arterial blood in the 
living animal, and its dependence on the pre- 
sence of oxygen in the lungs. 

4. The respiratory function of the pneumogastric. 

5. The action of the respiratory centre* 

6. The effect of arterial and venous blood on the 
irritability of muscular tissue. 

7. The phenomena of asphyxia. 



15—2 



LESSON XXII. 



STRUCTURE OF THE KIDNEY. 



Take a sheep's kidney and cut it in half 
longitudinally, note the ureter expanding 
into the pelvis and then into several tubes, 
the callces, into which the pyramids project 

On the cut surface of the kidney, note the 
pale inner or central medulla formed by the 
pyramida of Malpighi ; externally the cortex 
a brownish-red zone having thin pale radial 
stripes (cp. § 2, c) which do not quite reach 
the surface; and between the medulla and 
cortex the Intermediate layer forming a 
dark red zone not very shai'ply defined, es- 
pecially on the cortex side, and having pale 
stripes (cp. § 2, b) continuous with those seen 
in the cortex running radially through it &oni 
the medulla. 

Turning back to the ureter, note the connec- 
tion of its outer connective tissue coat with the 
fibrous coat of the kidney, follow the renal 
artery and vein running into the kidney iu 




the connective tissue outside the ureter and 
pelvis; both artery and vein divide into 
several branches ■which enter the substance 
of the kidney outside and between the ends 
of the calices at the bases of the pyramids; 
tracing them outwards they will be seen to run 
to the outer portion of the intermediate-layer 
and there to branch, their branches arching 
through the kidney substance and so forming 
a net-work (more complete in the veins 
than in the arteries) stretching through the 
kidney substance in the curved surface of the 
outer part of the intermediate-layer. 

From a mammalian kidney hardened in ammo- 
nium bichromate 5 p.c, prepare radial sections 
extending from the outer surface to the summit 
of a papilla. The sections are beat cut with a 
microtome. Stain them. Observe under a low 
power. 

a. The medulla, with its straight tubes ; some 
of the numerous divisions of these as they 
run outwards may be seen. 

b. The Intermediate layer: the straight tubes 
of the Malpigbian pyramids separate into 
bundles the medullary rays (pyramids of 
Ferrein); between the bundles are seen 
numerous blood-vessels and some tubes of 
Henle (cp. § 3, b). 

c. The cortex: the medullary rays are seen to 
run out nearly to the free suriiwje, between 
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these are convoluted tubes and end- 
■with their glomeruli arriinged in double rows 
between each two pyramids (the symmetrical 
arrangement of the medullary rays and inter- 
vening convoluted tubes may not be obvioua 
if the section ia cut obliquely). In the outer 
part of the cortex convoluted tubes only are 



Observe under a high power. 
a. In the medulla 

a. The epithelium of the straight tubes 

(tubuH uriniferi recti); in the smaller 
tubes, collecting tubes, this is composed 
of short columnar or cubical cells with 
spherical or ovoid nuclei ; in the larger 
tubes, outflow tubes, it is composed of 
longer columnar cells with ovoid nuclei ; 
the lumina, distinct throughout, become 
larger as the tubes inci-ease in size. 

6. In the intermediate layer 

a. The continuation of the straight tubes 

outwards in the medullary rays. 
/3. The loops of Henle, chiefly in the medul-^ 

larjr rays ; they run down also a vaiiable ■' 

distance into the medulla. 
ff. The ascending limbs of the loops; 

these will probably be deeply stained, 

they vary in size in different parts of I 

their course and ari 
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sometimes imbricated, with striated outer 
portions and containiag oval nuclei ; the 
lumen is small. 

S. The descending UmhB of the lo< 

these are much narrower, with trans- 
parent flattened epithelium the nuclei 
of which project into the lumen, so: 
times alternately on the two sides, and 
thus the tube, except for its basement 
membrane, simulates a blood capillary. 

The change in character of the epithelium 

may take place either in the ascending or in 

the descending limb of the loop, 

«, The numerous blood-vessels between the 
medullary rays (cp. § 8, 6) ; in the outer 
part of the layer rather large arteries 
and veins cut transversely or obliquely 
will be seen (cp. § 1, c). 

In the cortex 

a. The end-capsules, with the nuclei of 
their epithelium. 

y3. The glomerulus in each end-capsule 
(cp, § 8, c) and the nuclei of its capillaries. 

>y. The narrow neck of the capsule, this 
will be obvious in those capsules only 
in vfhich the section has passed longi- 
tudinally through the neck. 

B. The coiled course of the conTolnted 
tubes (tubuli contorti); the outlines of 
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the individual cells may or may not 
be distinct, they have each a spherical 
nucleus and are striated in their outer 
portions. Sometimes the lumen is large, 
sometimes it can scarcely be made out. 



The continuation outwards in the me- 
dullary rays of the ascending loop of 
Henle. 



f. In the outer half of the cortex are deepl] 
stained short tubules running out from 
the rays and sometimes seen to be con- 
tinuous with the ascending loops of 
Henle ; their cells resemble those of the 
ascending loop except that they are of 
unequal size, thus giving a very zigzag 
outline to the tubule; this is the 'ir- 
regular' portion of the urinary tubule. 

17. In the medullary rays will also be seen' 
one or two rather large tubes with con- ] 
Bpicuous spherical nuclei, these are the I 
so-called spiral tubules. Note 
the rays the smaller straight (collecting) I 
tubes. 

A basement membrane may he made out in J 

all portions of the urinary tubule. 

Cut sections at right angles to the medullary I 
rays through the lower part of the cortex e 
observe the medullary rays surrounded by cou-J 
voluted tubes. 



^ 
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Cut sdmilax sections through the outer part of 
the medulla and observe the cross aectioas of 
the tubes, and their membrana propria, with a 
small amount of connective tissue between them; 
aections of both the ascending and descending 
limb of the loops of Hetde will abo be seen. 

Place a small piece of the cortex of a fresh 
kidney in 5 p.c. neutral ammonium chromate, 
tease out a fragment in the same fluid. 
Observe the cells of the convoluted tubes, isolated 
or in groups, shewing a very distinct striated 
outer portion ; in some cells the outer part may 
appear as a brush of ' rods.' 

Cut as thin a section as possible of the inner 
part of the cortex of a fresh kidney, tease it out 
in normal salt solution and observe the appear- 
ance of the fresh cells in the isolated bits of 
tubules. 

Take a piece of kidney which has been injected 
from the renal artery, prepare sections like those 
of (§ 2), clear and mount in Canada balsam. 
Observe 

a. The large arteries and veins in the upper part 
of the intermediate layer. 

b. The small arteries and veins (arterls et 
vensB rectse) given ofl" from these, running 
down between the medullary rays into the 
medulla ; they break up almost immediately 
into a brush of capillaries which enter the 
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medulla and form a, network throughout iti 
the meshes axe elongated in the direction 
the tubes, especially near the summit of th( 
papilla. 

The Interlobular arteries and veins run- 
ning from the larger vessels outwards in the 
cortex between the medullary rays; the 
arteries give off on all sides (two rows will 
probably be seen in the section) small arteries 
(arterite afferentes), one to each end- 
where it breaks up into capillaries to form the 




d. The small vein (vena efferens) issuing from 
each end-capsule and breaking up into capil- 
laries which form a network in the cortex ; 
the veins from the innermost capsules break 
up into a brush of capillaries like the arterira. 
rectiB and run towards the medulla. 

e. The small veins running from the capilla 
network of the cortex to the interlobula 
veins (§ c). 

/. Here and there the small artery running t 
a glomerulus may be seen to send a brancly 
direct to the capillary network of the cortex g 
similar direct branches will also be seen i 
the outer part of the cortex running bota 
the ends of the interlobular arteries. 

g. Small veins at the periphery of the c 
(vense stellate) also arising from the capiU 
ries of the cortex. 
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Cut vertical sections of a rabbit's or dog's bladder 
■which has been distended with and hardened in 
ammonium bichromate 2 p.c. Observe 

a. The thin estemal fibrous coat. 

b. The muscular coat consisting of an outer 
generally speaking longitudinal li 
innergenerally speaking circular layer; inside 
this may also be seen a third layer with fibres 
running in various directions chiefly longi- 
tudinally. 

c. The sub-mucous coat of connective tissue. 

d. The mucous coat of 
a. Connective tissue rather finer but con- 
tinuous with that of the sub-mucous 

j3. Epithelium consisting of an inner layer 
(next to the cavity of the bladder) of a 
single row of roughly cubical cells, a 
median layer of a single row of pear- 
shaped cells, and an outer layer (next 
the basement membrane) of two or 
three rows of elongated cells between 
and beneath the processes of the pear- 
shaped cells. 
The form of the cells naturally varies with 
the degree of distension of the bladder. 

10. Cut transverse sections of a rabbit's or dog's 
ureter which has distended and hardened like 
the bladder (§ 9). 
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Apart from the thickness of the coats, the struc- 
ture is much the same as in the bladder. 



DEMONSTRATION. 

Nitrate of silver preparation to shew the epi- 
thelium of the end-capsules. 



LESSON xxni. 



Determine the specific gravity of urine by 
means of the urinometer. 

Teat the reaction of fresh urine with litmus 
paper, it will be acid ; thia is due to the pre- 
sence of a^id salts mainly of acid sodium phos- 
phate, and not to free acid. 

Put 200 cc of urine in a warm place, and ob- 
serve from time to time. 

a. It will, after twenty-four or more hours, lose 
its acid reaction, and become alkaline. 
Gently warm the htmus paper turned blue 
by the urine, the blue colour will disappear, 
shewing that the alkalinity is due to the 
presence of ammonia or a salt of ammonium. 

b. It will gradually become cloudy, and yield a 
deposit of various salts. 

c. Its odour will become putrefactive. 

The urine has undergone alkaline ftnnenta- 
Uon. 
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A small quantity of mucus derived from the 
urinary passages is occasionally present in the 
form of a faint cloudy precipitate. This may 
be rendered more apparent by the addition of 
acetic acid. 



5. TTrea. Place a few crystals of urea in a watch- 
glasSj and dissolve them in a small quantity of 
water. 

a. Mount a drop of the solution, and when it 
has partially evaporated observe under a 
high power the crystals of urea, consisting 
of four-sided prisms' commonly ending in 
two surfaces or in a single oblique surface; 
if the evaporation is rapid the urea crystal- 
lises in long spicules. 

b. Add to another drop on a slide a drop of 1 
pure, fairly strong, nitric acid; observe under f 
the microscope the rhombic and six-sided 
tablets ofnitrateq/'urfia which crystallise out. , 
Note the striie frequently present j 
tablets. 

c. Repeat (b), using a concentrated solution of I 
oxalic acid instead of nitric acid. Oxaiaie of 
urea will crystallise out in various forms, 
prominent among which will probably be 
long thin flat crystals often in bundles; 
regular rhombic prisms, or tablets resembling 

> Figores of ths orf sUla deBoribed in this Lesson will 1» hung in 
the laboratory. 



< 



somewliat those of nitrate of urea,, may £ 
he Been. 



d. Dilute considerably the remaining solution, 
and add to a part of it a solution of mercuric 
nitrate. A white precipitate of mercuric 
oxide combined with urea will at once take 
place. 

e. To the rest of the urea solution add a little 
sodium chloride and then mercuric nitrate 
drop by drop. A certain quantity of the 
mercuric nitrate must be added before any 
precipitate is formed; a double decomposi- 
tion takes place between the mercuric and 
sodium salts so that as long as any sodium 
chloride is present, the mercuric nitrate is 
not available for precipitating the urea. 

/. Place a little urea in a test-tube and heat it 
carefully over a flame, when the temperature 
13 somewhat over 100' C. it melts and am- 
monia is given off (recognized by its odour), 
heat it a little longer then let cool ; add a 
small quantity of water to dissolve the resi- 
due and pour the fluid into another teat- 
tube containing a strong solution of sodium 
hydrate and a drop or two of cupric sulphate. 
A violet colour will be produced (biurei 
reaction). 

G. Evaporate 20 c.c. of urine in a water-bath till its 
volume is reduced to about 2 c.c. Filter, and 
e the filtrate for urea {§ 5, 6. c). 
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Uric Acid. 

a. Place a few crystals of uric acid on a slide, 
and add a little liquor potassae to dissolve 
them; then add nitric acid just to excefis. 
Examine with a high power the crystals of 
uric acid formed. They are generally rhombic 
plates with obtuse angles, but they vary 
greatly in form. Note the star-shaped and 
dumb-bell crystals. 

h. Make a saturated solution of uric acid in 
strong sodium hydrate, mount a drop and 
place it aside for some time. Crystals of 
sodium urate will crystallise out. Note tbe 
spheres covered with small thin projecting 
prisms ; hexagonal prisms and thick tablets. 
may also be seen. 

c. To a little uric acid in an evaporating 

add a little fairly strong nitric acid, the uric 
acid will be split up and gases given offi 
Evaporate to drj-ness on a water-bath oh 
a temperature not above 40° C. A reddish' 
residue will be left, to this add a drop or 
two of weak ammonia ; a red-purple colour 
will be formed; this is the murexlde test 
for uric acid. Add then a drop of strong 
sodium or potassium hydrate, the colour 
turn to a blue -purple. 

To 100 cc, of urine (best evaporated to a thi 
of its bulk) add about 1 cc. of pure s 
hydrochloric acid. Place aside for a day or t 



I 
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in a tall glass jar. Erownish red ciystals of uric 
acid will form at the aides and bottom of the 
jar. Examine one or two of these under the 
jnicroacope, to the rest apply the murexide test 

Tests for some Abnormal Constituents of the 
Ukine. 
9, Albumin. 

0. Boil, making the fluid just acid with acetic 
acid; albumin if present is coagulated (cp. 
Lesson lu. § 17), 

i. Apply also the tests for proteids. 

10, Sugar. Coagulate any albumin that may be 
present (cp. § 9) and filter; apply Trommer's 
test' (Lesson xv. Z> § 7). 

The colouring matter of the urine may be re- 
moved by pouring it on a filter containing some 
animal charcoal moistened with water; it must 
be remembered however that if the quantity of 
BUgar present is small it may be retained by the 
charcoal. 

11. Bile Pigment. Use Graelin's test (Lesson 
XVII. B, § 3). 



> If a faint reaction only 1b obtained, it oannot be relied o 
■bewing the prewsce al BogiLr, emee eeyeral otkot bodiea {e.3. 
aoid) which occnr in orioe atao reduoe ouprio oxide. 
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Blle-acidB. Use Pettenbofer's test (Lessoa 
E,§*). 

Or — Softk ft small piece of white blotting papei 
syrup of sugar, and allow it to dry. Let fall o: 
drop of the urine supposed to contaio bile-acids, and 
near it a drop of strong sulphuric acid, bo that the 
two drops run into one another. If bile-acida are 
present, there will be a purple colouration at the 
junction of the drops. If the quantity of bile-acids 
present is smaU, the urine must be concentrated, but 
in such cases it is best to lest in the ordinary way. 



Quantitative Estimation op Urea. 
Knop-Hiiftier Method. (Hypobrotnite Method.) 
When sodium hjpobromite in an excess of alkali 
is added to a urea solutioa nitrogen is given off, 
thus, 

C0(NHJ, + 8NaBrO-haNBHO = BNftBr-t-NBjCO,-l-3H,O + KV 
According to this equation 1 gram of urea gives off 
very nearly 373 c.c. of nitrogen. In fact, however, 
the decomposition of urea is not complete, the 
amount of the deficit depends chiefly upon the 
amount and strength of the hypobromite solution, 
and on the percentage of urea in the urea solution. 
In making an accurate estimation of urea, the 
deficit of nitrogen under the conditions of the 
observation, (determined beforehand) must be 
allowed for; and as the theoretical amount of 
nitrogen ia estimated at a temperature of CC. and 
a pressure of 760 mm. of mercury, the volume of 
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the gaa obtained must be corrected for tbis tem- 
perature and pressure (cf. p. 402). 
When, as ia medical practice, a rough estimation 
of the percentage of urea is aufEcient, the tube in 
which the nitrogen is collected is graduated em- 
pirically, at the ordinary indoor temperature, i.e. at 
about 18° C. The graduation is performed by 
mixing a known quantity of bypobromite solution 
with 5 c.c. of a 1 p.c. solution of pure urea, and 
marking on the collecting tube the volume of 
nitrogen given off. Similar observations are made 
with 5 c.c, of a 2 p.c and of a 3 p.c. solution of 
urea. The tube, between each of the marks bo 
obtained, is divided into tenths. Hence, when 
5 c.c. of a solution of urea of unknown strength are 
taken, and treated aa the standard solution was 
treated, the percentage of urea in it is at once 
roughly determined by the number of divisions of 
the tube occupied by the nitrogen given off. 
One form of apparatus of this kind is described in 
the Appendix (cf p. 400). 

Lleblg'8 Method. (See p. 308.) 



Quantitative Estimation op Sugah. 

Fehling'a fluid (cf p. 381) contains a known amount 
of cupric sulphate, and this, as has been seen in 
using Trommer's test, is reduced by sugar to cuprous 
hydroxide or oxide when boiled with it in an alka- 
line solution. In making an estimation, lOcc. of 
16—2 
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Fehling's fluid may conveniently be taten, the 
cupric salt in this ia just reduced by '05 gram of 
Bugar. 

Preliminary estimation. Take 20 c.c. of urine, 
dilute it to 100 c,c. with water,and put the diluted 
urine in a burette. Into a small porcelain dish, 
measure accurately lOcc. of Fehling's fluid, add 
about 10 c.c. of sodium hydrate and 30 c.c. of 
water ; place tbia on a piece of wire gauze over a 
small Bunsen burner to boil, as soon as it boils 
run in the urine from the burette in such amount 
that the fluid does not cease to boil, and stir 
continuously. When the fluid undergoes a distinct 
change of colour, the urine should be added mora 
slowly, and as soon as the fluid turns bright yellow 
or brick red, the amount of urine added (o c.c.) 
should be noted. 

Second estimation. The Fehling's fluid ia measured 
out and diluted as before, a— 'Sec. of diluted urine 
run into it and the mixture boiled. It ia then put 
aside to allow the precipitate to partially settle; 
as soon as there is a sufficient fluid free from 
precipitate, the colour of the fluid should be 
noted. If it is still blue, 1 c.c. urine is added, the 
mixture again boiled, the colour of the fluid noted, 
and BO ou until the fluid is no longer blue. If the 
fluid ia colourless after adding a — 5 c.c. of diluted 
urine ; a fresh portion of Fehling's fluid must be . 
measured out o — 1 c.c. of diluted urine added and | 
the process given above repeated. This ought not J 



to be necessary for the preliminarj estimation 
should give the amount within '5 c.c. If b be the 
number of c.c, of diluted urine required to reduce 
the 10 c.c. of Fehliog the percentage of sugar in 
: 5 X IQO _ 25 
b ~ 6 ■ 



the urine will be - 



There are certain Bources of error in the method given 
above. (I) When the mixture ia boiled, a little ammonia 
ia set free &om BOme of the constituents of the nrine, 
this dissolves some of the precipitated cuprous oxide ; 
the cuprous oxide takes up oxygen from the air and 
a cuprtc salt is furmed giving a blue tinge to the 
solution. The re-oxidation of the precipitated oxide 
may be lessened hy boiling in a small glass flask 
instead of in an open porcelain dish, but since the 
former is more easily cracked during boiling, and in it 
the colour of the fluid is less readily seen, it ia not recom- 
mended for the beginner. (2) When the diluted urine 
contains more than 1 p.c. or less than '5p.c. of sugar, 
the method is inaccurate ; since 6 c.c. of a 1 p.c. solution 
of sugar, or lOo.c. of a '5 p.c. solution contain '05 gram 
of sugar, ie. will reduce lOc.c. of Fehling's fluid, 
the urine, for an accurate estimation, must be diluted 
to such an extent that not more than 10 and not less 
than 6 c.c. of the diluted urine are required to reduce 
10 C.C. of Fehling'a fluid. The Fehling's fluid is diluted 
fi times because ivith either a greater or a less dilution 
the results are inaccurate. 



LESSON XXIV. 

SKIN AND TOUCH. 

A. Skin. 

1. Prepare vertical sections of human scalp which 
has been hardened by placing it in chromic acid 
•2p.c. for a week. Stain the sections with 
picrocarmine, mount them in glycerine and 
observe 

A. The Epidermis : proceeding from the outside 
will be seen 

a. Non-nucleated cells, the cell substance of 
which is no longer protoplasmic but has 
become transformed into homy keratinous 
material ; they are much flattened especially 
near the surface of the skin, where they may 
present the appearance of a number of fibres. 
This is the homy layer; in the stained 
sections it will be yellow. 

6. Nucleated cells, spheroidal in form: the 
peripheral part of these cells may appear 
striated or closely serrated (the expression 
of fine projections of the surface). 
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c. A row of columnar nucleated cells placed 
perpendicularly to the tissue beneath. The 
spheroidal and the columnar cella together 
form the Malplghian layer. 

B. The Dermis ; in which may he seen 

a. A thin outer layer consisting of a fine plexus 
of white fibrous tissue, of connective tissue 
corpuscles, and of some anastomosing elastic 
fibrila, embedded in a good deal of hyaline 
or faintly fibrillated matrix. The upper 
portions of this form a kind of basement or 
limiting membrane immediately below the 
columnar epidermic cells. The lower portions 
pass gradually into 

b. A plexus of fibrous tissue with larger bands 
and a more developed elastic-fibre network ; 
in its deeper portion this merges into the 
sub-cutaneoUB connective tissue in which 
the spaces of the plexus are large and in 
which clumps of fat cells usually occur ; there 
is no definite line of demarcation between the 
dermis and the sub-cutaneous tissue, 

c. The papUls : conical elevations of the der- 
mis, rising up into the Malpighian layer, 
vhich therefore appears to dip down between 
them. 

d. Indications of the blood -Tessels, abundantly 
distributed all over the dermis, and forming 
capillaiy loops in the papillEo. They should 
be observed in injected specimens. 
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In the lower part of the dermia bundles of 
nerves which, as they run to the upper part 
of the dermia, split up into smaller bundles 
and form a plexus ; from this run still smaller 
bundles to form a more superficial closer 
meshed plexus ; probably the latter will not 
be very obvious in this specimen, 

Halr-folllcIes and the roots of hairs. Note | 

a. The outer sheath of the follicle formed 
of fibrous tissue continuous with thi 
of the dermis, but much denser i 
arrangement. 

The inner sheath of the follicle, con--] 
sisting for the moat part of indistinct j 
transversely arraDged fibres, among! 
which oblong nuclei may be discemet 

A hyaline limiting membrane i 
marked than that of the dermia. 
The outer root-sheath, consisting of cells 1 
continuous with, and resembling thosej 
of the Malpighian layer. 

The inner root-sheath, pale and tra 
parent, its inner part consists of smat 
nucleated cells, near the bulb its cellal 
become larger. This sheath is absent'] 
above the duct of the sebaceous gland. 
At the esit of the hair &om the skin j 
the homy layer dips down around it n 
the form of a cone. 
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The hair-bulb or the enlargement of the 
hair in its deepest part, consisting of a 
layer of nucleated cells continuous with 
the outer root-aheath ; the outer root- 
sheath near this point ia much diminished 
in breadth. 

t). The papilla of the follicle projecting into 
the hair-bulb, it consists of connective 
tisane like that of the outer layer of the 
dermis with which it is continuous. 

0. The substance of the hair consisting of 
a cuticle of thin horny scales in a single 
layer, and internally of long homy fibres 
or in its deeper portion of spindle s' 
cells. 

h. The sebaceous gland or glands opening 
into the upper part of the hair follicle; in the 
body of the gland the cells are several layers 
deep ; they are continuous with the cells of 
the outer root -sheath. 

fc A little below the opening of the gland into 
the follicle may be seen a band of plain 
muscular fibres, stretching obliquely from 
the inner sheath of the follicle to the upper 
part of the dermis. 

2. Cut sections of the palm of the hand or of the 
forehead', hardened in chromic acid, picric acid, 

t Instead of thk a pieoe of the i&ka ol the ball of the foot of a cat 
ma^ be tukeu. 
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of the Bweot^^H 

.,.1 L -e ^ 



or alcohol, to observe the structure 
glands. Note 

The terminal gland-coil in the outer part of 
the subcutaneoua tissue, with its membrana 
propria continuous with that of the dermis, 
and lined by a single layer of cubical or 
short columnar cells. 

b. The gland-duct having .two or three layers 
of cells continuous with those of the Mal- 
pighian layer of the epidermis. The lumen 
is usually distinct in both duct and coiL In 
the epidermis the cells proper to the duct 
cease but its lumen is continued on in a,^ 
spiral course to the surface surrounded I 
concentrically arranged epidermic cells. 

In the specimen of the cornea of the frog pre 
pared as in Lesson T, B § 2 (cp. also Lesson 3 
C § 2) observe 

a. The primajy nerve-plexug formed by t 
bundles of nerves which enter the cornea a 
its periphery; this plexus has in its deep« 
part rather large meshes and its fibres havfl 
nuclei on their course ; towards the surfac 
and especially just beneath the anterio] 
basement membrane, this plexus becomei 
much finer consisting chiefly of small bundlefl 
of nerve-fibres with much less frequent nncl^; 1 
when these occur they are usually at th^J 
nodal points of the plexus. 



w 
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Cut out the cornea of a recently killed cat or 
rabbit, taking care not to drag it, and place it 
in gold chloride '5 to 1 p.c. for an hour. Wash 
well and expose to light aa usual, but do not 
remove its epithelium. "When it ia well stained, 
if necessary harden with alcohol, imbed a piece 
of it vertically in paraffin, and cut sections as 
thin as possible. Observe 

a. The bars of the primary plexus cut across, 
and becoming finer and more numerous 
towards the anterior membrane; from this 
superficial layer of the plexus single axis 
cylinders or small bundles of fibrils (rami 
perforantes) run through the anterior mem- 
brane and separate into a brush of fine 
varicose fibrils which spread out immediately 
imdemeath the epithelial cells forming the 
Bub-epithellal plexus. Probably the sec- 
tion in some part will be a trifle oblique, 
here a fragment of the sub-epithelial plexus 
will be seen having small meshes and very 
fine varicose nerve fibrils, elsewhere similar 
fine fibrils will be seen running a longer or 
shorter course underneath the cells. (To 
see the sub- epithelial plexus well, Bectiona 
should be cut from the surface of the cornea 
and a section which includes the anterior 
surface of the basement membrane picked 
out.) 

6. Between the epithelial cells of the cornea, 
the epithelial plesua of very fine t 
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nerve fibrils; in places the fibrils will be aeea I 
to run from the sub -epithelial plexus. 
The peripheral course of the nerve-fibres in 
the parts of the skin where there are no 
special terminal organs, ia in the main like 
that described above lor the cornea. J 

Cut sections of the skin of the tip of a finger n 
which has been placed fresh in osmic acid 1 p.c 
and subsequently treated with alcohol. Mount 
the sections in dilute glycerine. Observe the 
touch-coipiucles. 

a. They are oval in form, and are found in the'] 
axes of the papillae ; many papilhe are with-! 
out them, in which case a capillary may I 
generally be seen running up into the papilla, 

b. They appear to consist of a mass of connec- 
tive tissue in which nuclei are disposed trans-'l 
versely. 

c. The nerve-fibre reaches it near the base, and! 
may be traced coiling round it spirally for aj 
variable distance. 
Pacinian bodies (cp, § 6) may be seen in thel 
subcutaneous tissue. 
The touch-corpusclea are also obvious in sectioDi J 
of skin hardened in potassium bichromate 1 p.C^a 
but the course of the nerve fibre ia less easilyfl 
traced. 



C. Examine the mesentery in a recently killed catjl 
in it will be seen a considerable number of oval I 
transparent bodies the Pacinian bodies. Select 1 
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one which is not surrounded by fat, cut it out 
and mount it in normal saline solution. With 
a little care the mesentery covering it may be 
removed with needles. Observe 
a. The medullated nerve-fibre and the thicken- 
ing of its connective-tissue sheath as it 
approaches the Pacinian body. 
h. The division of the connective-tissue sheath 
to form the numerous concentric capsules, 
which become closer together towards the 
centre. At intervals on the capsules elon- 
gated nuclei will be seen. 

c. The loss of medulla aa the sheath splits up. 

d. The hyaline core inside the innermost capsule, 
c. The axis-cylinder penetrating the core, and 

ending in it in a slight enlargement 
To ol)serre the manner in which a small hundle 
of nerve fibres separate and run to the Pacinian 
bodies, a piece of the mespntery containing a 
number of them should he stretched over a 
slide, the piece cut out and the edges allowed 
to dry, so that the part containing the Pacinian 
bodies is kept stretched. The outlines of the 
•- Hat cells of the capsules can easily he mode 

obvious by placing a Pacinian body freed from 
the mesentery as in §; 8 in '5 p.o. nitrate of 
silver (or a quarter of an hour, then exposing 
to light as usual and mounting in water. They 
are not easy to preserve, the beat plan is 
perhaps to irrigate with dilute glycerine after 
treatment with osmic acid or gold chloride. 
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B. Touch. I 

1, Power of localisation. " 

Using a pair of small bone or wooden compasses, 
determine the distance at which the points must 
be placed from each other in order that they 
may be felt as two points when appHed lightly 
and with the same force to various parts of the 
body. Try if the following order is correct : tip 
of tongue, tips of fingers, palm of hand, cheeka, 
back of hand, fore-head, front of fore-arm, back 
of fore-arm, back of neck, &c. 



Sensation of temperature. 

Dip a small metallic knob in hot water (e.ff. 
70° C), and applying it to the same parts of thftil 
body as before, determine roughly the sensitive- 
ness to temperature of these parts. 

Estimation of weight. The muscular sense. 

a. Determine the smallest difference in weight 
which can be appreciated when slightly 
differing weights are held in the palm of 
the hand. 

b. Then laying the hand and arm supine on a 
table, so that they are motionless, and placing 
weights on the palm of hand, determine as 
before the difference of weight which can be 
appreciated. This will be much less in the 
case of (&) than of (a). In (d) the muscular 
sense is employed ; in (6), only the sensatiou 
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pressure. The weight should be placed 
the same part of the palm of the hand 
in each case. 

4. Estimate (in either way) the difference of weight 
which can be appreciated 

a. When the weights are light, e.g. 1, 2, 3, 4, or 

6 grms. 
(9, When the weights are heavy, e.g. 10, 20, 30, 

&c., or 100, 200, &c. grms. 
Smaller differences will be appreciated in a than 
in /9, In fact the difference of weight which 
can be appreciated bears, roughly speaking, a 
constant ratio to the whole weight. 

5. Plunge the finger into merciny, and then draw 
it out. The sensation will be that of a ring 
passing down and up the finger, the greatest 
sensation being where there ia the greatest 
variation of pressure, 

G. Place two equal light weights, one cold the other 
warm, on the corresponding fingers of the hands; 
the cold one will feel the heavier. 

7. Paint a ring of collodion on the palm of the 
hand, leaving only a small central space, and 
attempt to distinguish between the approach of 
a hot body and gentle contact of a feather. 

8. Place the elbow first in warm water, and then 
in a mixture of ice and water. There will be a 
sensation of pain in the fingers and cold in the 
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elbow. The application of cold to the trunk of 
a nerve does not cause a sensation of cold. 

9. Tactile delusioiui. 

Cross the second finger over the first or the 
third over the second, and place between their 
tips a small marble (or any solid round body a 
little larger than a pea) so that it touches the 
radial side of the first, and the ulnar side of the 
second finger-tip. On gently rolling the body 
about, a sensation as if of two distinct bodies 
will be felt. 

The same delusion is experienced if the tip of 
the nose be gently rubbed with the tips of the 
fingers so placed. 

Experiments 6 and 7 will need the assistance of a 
second person. 




A. Ohgans of Taste and Smell. 

Cut off the head of a newt', remove the lower 
jaw, cut off the nose by an inciBion carried just 
in front of the eyes, with a fine pair of scbaora 
remove the roof of the na?al cavities, and 
place the remainder of the nose in oamic acid 
Ip.c. for 2 to 24 houra as convenient. Tease 
out in water a small piece of the mucous mem- 
brane. Or place the nose in Miiller's fluid for a 
week, and tease out the mucous membrane in 
the same fluid or in water. Observe 

a. The cylindrical epithelium cell, its large 
oval nucleus, its broad, clear, peripheral 
process, and its branching, faintly granular, 
central process. 

b. The rod-cell, (olfactory cell) with its sphen- 

1 Instead of thia the nasal mnooos membrane of a mammal maj 
be taken, it ia best to taiks it with the trnderljlng bane or cartilage 
attached (op. p. 30, g 22). 
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eal nucleus, ita hyaline slender peripheral, and 
its still more slender varicose and bianchinf 
central procesa. 

Cylindrical cells will frequently be seen, 
rounded and partially hidden by three, 
or more rod-cells. 



Take the nose of a freshly-killed newt' as in § I, 
but instead of laying hare the olfactory chambers, 
cut off the tip of the nose. Place it in chromic 
acid '3 p.c. for a week. If the salts of the bone 
are not completely dissolved, complete the 
solution with nitric acid 1 p.c. mixed with an 
equal volume of spirit. Imbed it vertically, and 
cut transverse sections. Stain and mount one 
of the first sections (o) and one of the 
sections (6). Observe 

a. In the respiratory portion of the mua 

membrane 

o. That the surface-epithelium consists o 
columnar ciliated cells, interspersed witi 
goblet-cells. Between the deeper ] 
tions of these cells and close to the bas 
ment membrane, some small cells ^ 
be seen (these with or without divi 
develop into the surface ccl 

jS. In the sub-mucous tissue, seroua : 
mucous racemose glands. 

' Cp. footnote oa p. 2fi7. 
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6. In the olfactory part of the mucous raem- 

brano, the division of the epithelium into an 

outer and an inner layer. 

a. The outer layer consisting of the peri- 
pheral processes of both cylindrical and 
rod-cells. 

^, The inner or nuclear layer consisting 
of several rows of nuclei 1 
the rod-cells. The nuclei of the cylin- 
drical cells form a single row in the 
upper part of this layer, but these, as 
well as the greater part of the processes 
of the rod-cells, are generally hidden by 
the nuclei of the rod-cells. 

7. In the sub-mucous tissue the numerous 
bundles of the non-medul!ated 
fibres of the olfactory nerve. Near the 
epithehum these form a close-meshed 
plexus. 

S. Serous glands, usually tubular with a 
few branches; here and there a duct 
may be seen running through the epi- 
thelial layer as a fine tube consisting 
of basement membrane and flattened 
cells. 

From a rabbit's tongue which Las been hardened 
in chromic acid '2 p.c, or in potassium bichro- 
mate 1 p.c, excise a papilla foliata (cp. p. 32, § 
29) and imbed in such a way that the sections 
will be at right angles to the ridges. 

17—2 



260 ELEMESTAUT PHTSIOLOQT. 

Prepare thin vertical sections and observe 

a. The section of the ridges with the interven- 
ing fossw. 

b. In each ridge three papilliforra processes of 
the dermis, one median, two lateral. 

c. The homy epidermis, consisting of cells very 
flattened, but still retaining their nuclei, 
coverijig the ridges and lining the fossae. 

d. The Malpighian layer of the epidermis under- 
neath the homy layer. In the fossae both 
layers of the epidermis are thinner and less 
marked off from one another than on the 
surface. 

e. On the outside of each lateral papilla, and 
therefore lining each side of the fossa, the 
flask-shaped taste-bads'. There are usually 
four nearly in contact one above the other. 

/ Each bud is in contact by its deeper part 
with the dermis of the papilla, and has a short 
neck runnii^ to the free surface of the 
epidermis of the fossa where its circular open 
mouth may often he seen. 

(f. The epidermic cells are flattened around its 
median portion, forming a nest for it. 

k. The bud itself, with 

a. The external cover-cells, curved and 
flattened, with conspicuous oval nuclei. 

' Taate-bndB id fongifunu papillee ma; b« seen in Haticnu of Um 
tip of the tougue of tho cat. .^^1 
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The rod-cellB, (taste-cells) with spheri- 
cal or ovoid nucleus, rod-ahaped hyaline 
peripheral and central processes. 
i. Nerve fihres running along the dermis of the 
papillse, and branching off to the buds. Note 
also the layers of striated muscle and the 
glands of the tongue, comparing the general 
structure with that of the oesophagus (Lesson 
svi. B.) and of the skin (Lesson xxiv. A.). 

Tease out a small piece of a papilla foliata which 
has been placed in osmic acid "3 p.c, for one or 
two days, and observe the characters of the cells 
of the taste-buds, noting the branched central 
process of the rod-cells. 



B, Sense of Taste and Smelt^ 

1. Pinching the nose tightly, so as to suspend the 
sense of smell, attempt with the eyes shut to 
distinguish by taste between pieces of an apple, 
an onion, and a potato; they will taste alike. 
The pieces must not be rubbed against the 
mouth with the tongue, or they will be recog- 
nized by their different consistency, 

2. Wipe the tongue quite dry, and place on the tip 

a crystal of sugar or on the back a crystal of 
sulphate of quinine ; neither will be tasted until 
it is dissolved. 

3. Apply with pointed, non-polarizable electrodes 
(cp. Appendix) a constant current to the tongue; 
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a distinct sensation of taste will be felt, of acidity 
at the positive pole (anode), of alkalinity at the 
negative pole (kathode). 

Keeping the electrodes at the same distance, say 
two or three millimetres, determine the amount 
of taste-sensation in different parts of the mouth. 
It will be greatest at the tip and back (region of 
circumvallate papillae) of the tongue, and edges 
of the tongue; least or absent in the anterior 
and middle surface, under surface of the tongue, 
and lips. The soft palate will be found to be 
highly sensitive, the hard palate little or not 
at alL 

4. Take two small pieces of sugar of equal size, and 
place one on the tip, and the other on the back 
of the tongue ; the sensation will be most acute 
at the tip. 

5. Place a crystal of sulphate of quinine on the tip 
of the tongue ; it will hardly be tasted. Place 
it on the back ; it will be tasted at once. 



LESSON XXYI. 



A. Dissection. 

1. Take a fresh eye of aa os or sheep, and note 

a. The transparent cornea. 

b. Surrounding and continuous with this, the 
dirty-white Bclerotlc which forms the outer 
coat of the rest of the eye. The posterior 
two-thirds will probably be covered with fat. 

c. Tho coitJunctlTa, a continuation of the 
mucous membrane of the eyelids. In taking 
the eye out of the orbit this membrane is 
cut through where it passes from the eyelids 
to the sclerotic. Dissect it forwards in any 
one place ; it will be traceable to the junction 
of the sclerotic and the cornea. Its epithe- 
lium is continuous with that of the cornea 
(cp. B. 2). 

2. Clear away the fat surrounding the four straight 
muscles, it will be seen that their tendons form 
a layer under the conjunctiva of the sclerotic. 



I 
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Cut away the conjunctiva and muscles, and 
remove ihe fat around tlie optic nenre; this 
pierces the sclerotic ou the nasal side, and not in 
the axis of the eye. 

Cut through the cornea close to its junction with 
the sclerotic; the anterior chamber of the eye, 
containing clear, limpid aqueous humour, 
thus laid bare. Observe the iris with its central, 
aperture through which projects the anteri* 
part of the lens. 

At a little distance from the cornea, cut throuj 
the sclerotic, being careful not to cut too deeply; 
it will separate easily from the pigmented sub- 
jacent choroid, escept at the junction of the 
sclerotic with the cornea, and at the entrance of 
the optic nerve. In other places there is only a 
loose connection, largely by means of bli 
vessels. Remove a strip of the sclerotic a fe 
mm. breadth stretching from the optic nerve 
the cornea. Note its dark inner surface, or la-; 
mina faaca ; note also in the front part of the 
choroid, close to the cornea, the pale fibres 
the ciliary muacle spreading from the junctii 
of the sclerotic and cornea, backwards over 
choroid. 

Carefully pinch up the choroid about half-w 
between the optic nerve and the cornea with j 
fine pair of forceps, and snip it through. TJnJ 
demeath it will be seen a thin membrane, thai 
retina. The pigment layer of the retina wil^fl 
probably be torn away with the choroid. 
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7. Tear away a piece of the retina to expose tlie 
clear vitreous hmnour which occupies the 
posterior cavity of the eye. 

8. Tilt the eye so that the cornea is underneath ; 
through the vitreous humour can he seen the 
choroid coat becoming folded longitudinally as it 
approaches the lens, and bo forming the ciliary 
processes. 

The nervous elements of the retina cease at the 
level of the commencement of the ciliary process. 
Their termination is marked by an uneven line, 
the ora serrata. 

9. Holding up the choroid and retina, cut them 
through as far forward as the ora serrata; it will 
be seen that the vitreous humour separates 
readily from the retina as far as that line, but 
in the region beyond its thin outer coat, the 
hyaloid membrane^ becomes attached to the 
ciliarj- processes. If an attempt be made to 
separate them here with the handle of a scalpel, 
it will be found that the pars ciliaris retinie (or 
the non-nervous continuation of the inner coat 
of the retina) together with some of the pigment 
layer of the retina (the outer coat) will come 
away with the vitreous humour. 

At the ora serrata the hyaloid membrane be- 
comes united to the memhrana limitans interna 
of the retina. 

10. Turn the eye with the cornea uppermost, and 
cut away the free edge of the iris ; make two 
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incisions at right angles to one another on the 
surface of the lens, it will be seen that the lens 
is covered by a membrane ; this is the anterior 
part of the lens capsule. Carefully remove 
the lena, and trace out the limits of the lens 
capsule, noting that it forma a complete in- 
vestment for the lens. 

Gently separate with the handle of a scalpel the 
lens capsule from the front part of the ciliary 
processes, and observe that a membrane, the 
BUBpensory ligament or zone of Zinn, passes 
from the edge of the capsule to the ciliary pro- 
cesses, of which it forms the innermost layer, 
dipping down into their depressions. Poste- 
riorly it is continuous with the thin hyaloid 
membrane (cp. § 9). 

Looking int« the eye irom the front, observe 

a. The entrance of the optic nerve. 

h. The blood-vessels running in the retina and 

radiating out from the entrance of the optic 



I 



c. The iridescence, mainly below the entrance of J 
the optic nerve ; it is caused by the irregular J 
reflection of light from the wavy connective- 1 
tissue fibres of the choroid. In this region. I 
(the tapetum) the hexagonal cells of the J 
retina have no pigment. 

Separate the rest of the retina from the choroid J 
and observe that 




The pigment-lajer generally adheres rather 
to the choroid than to the retina. 
Apart from the pigroent-layer the retina ap- 
pears like an expaasion of the optic nerve. 
The retina is firmly attached to the choroid 
at the ora serrata. 



B. Histology. 



Take an eye which haa been cT:t open and then 
hardened in potassium hicromate 1 p.c. It is 
beat to take the eye of a large animal, e. g. of an 
ox. Cut out a piece containing the junction of 
the sclerotic, cornea and iris. Stain, imbed in 
spermaceti and castor oil (cp. Lesson SX. § 6), 
and cut sections extending from the outer to 
the inner surface. Observe 

a. The irregular connective tissue of the sclerotic 
passing into the lamellae of the cornea. 

b. The membrane of Descemet (cp. § 2, c.) 
splitting up at the junction of the cornea 
and sclerotic into fine transparent bundles, 
some of which curve round towards the iris, 
the others spreading out fan-like a short 
distance into the ciliary process and sclerotic. 
These bundles of fibres form the Ugaineii> 
turn pectlnatlum iiidlB. 

c. The clUaxy muscle ; consisting of bands of 
unstriped muscle, radiating from the angle 
of the iris and cornea. (In the eye of man 



ELEMENTARY PHYSIOLOGY. 



'cular muscle^^H 
al fibres wilT^^H 



bundles of circular fibres, the circular n 
of Mliller, inside the longitudinal i 
be seen; in many lower mammala this part 
of the ciliary muscle i^ small or absent.) 

d. The pigment-layer of the retina continuing 
forwards to form the uvea of the ciliary pro- 
cesses and of the iris. Inside this is a simple 
layer of columnar cells without pigment, this 
is a continuation of the inner coat of tha | 
retina. 

e. The canal of Schlemm at the junction of tl 
cornea and sclerotic. 

In sections of a cornea which has been hardened^ 
in mercuric chloride, and stained (cp. also p. 251), 1 
observe 

a. The anterior epitheliuna. In this note 
a. The external flattened nucleated cells. 
y3. The middle layers of roundish but i 

regular cells. 
7. The internal single layer of columnai 

cells placed perpendicularly, cp. Lesson-fl 

xsiv. A. 

7). The body of the cornea. -Note 

a. The narrow transparent zone immedi- 
ately beneath the epitheUum, the an- ' 
terior basement membrane of Bowman. 

j9. The rows of connective-tissue corpusclea^l 
seen in profile, with numerous I 
communicating not only with the c 
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in the same row, but also with those 
below and above. 
7. The fibrous lamina between which the 
cells are placed ; here and there bundles 
running obliquely from one lamina 
another may be seen. 

c. The membrane of Descemet or posterior 
basement membrane : a thick hyaline mem- 
brane, with very sharp outlines. 

d. The posterior epithelium, consisting of . 
single layer of large nucleated tesselated 
cells. Id this section they are seen in pro- 
file, covering the membrane of Descemet. 

Lens. 

I. Take an ox's or sheep's lens which baa been 
in potassium bichromate '2 p.G. for a week ; 

observe 

a. The junctional lines of the lens fibres a; 

star. 
6. The fibres readily peel off in lamina. 

Place the eye of a rabbit or cat, with the cornea 
and sclerotic cut through, in Mtiller's fluid for 
three weeks or longer; then cut out the lens 
with its capsule, and cut vertical sections through 
its centre and mount them in glycerine. The 
sections are best cut with a freezing microtome ; 
neither the lens nor the sections of it should 
be touched with spirit. Observe 
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a. The hyaline capsule of the lens. 

b. The columnar epithelium of the anterioi 
surface of the lens ; at the sides these rapidlyj 
but gradually elongate into fibres. 

c. At the sides, the nuclei of the fibres fom 
an irregular band. 

i. Take a lens as in § 4, and cut transverse e 
tiona through its centre. Observe the cross » 
tions of the fibres, and their junctional lines, 
i. Place the lens of a rabbit or rat in osmic add 
"25 p.c. for about three hours ; it will swell up 
somewhat, and the outer coat becomes jelly-like 
and easily torn; to obviate this, place it in gold J 
chloride '25 p.c. for a minute or less; then tearl 
off as long a strip as possible of the outer coat^ " 
and tease out in water. Observe the long band- 
like fibres with serrated edges usually adhering 
together in layers but in some cases isolated. 
In some of the fibres a nucleus will be seen; 
when the fibres form a layer, the nuclei appear 
as an irregular band running across it 
IrU. 
'. Cut out a piece of an iris from an eye which 
has been preserved in potassium bichromate, 
stain and cut radial vertical sections. Observe 
a. On the posterior surface, the uvea or thick 

layer of pigment epithelium-cells (cp. § 1, d.). 

The pigment will probably be too abundant 

to allow the outlines of the individual cells 

to be seen. 



b. The cross sections of the bundles of pkin 
muscular fibres forming the iphincter pu- 
pills near the edge of the pupil, and lying 
just above the pigmeut-layer. 

c. The body of the iria, consisting of blood- 
vessels united together by a loose counective 
tissue in which branched pigment- cells are 
conspicuous. Near the anterior surface is a 
denser layer, the so-called anterior limiting 
membrane. The radial muscular fibres (di- 
lator) may (with difficulty) be seen near the 
posterior surface. 

Take the iris from a white rat's or an albino 
rabbit's eye which has been preserved in 
Miiiler's fluid. Cut out a piece from the free 
edge to the attachment, stain with hema- 
toxylin, clear, and mount in Canada balsam 
with the posterior surface uppermost. Observe 
the arrangement of the sphincter and dilator 
muscles. 



Retina. 

I. Cut away the anterior half of the eye of a mam- 
mal immediately after death : avoid dragging 
the vitreous humour that the retina may not be 
displaced. Place the posterior half in potassium 
bichromate 2 p.c or in Miiller'a fluid for a vreeb, 
changing the fluid once or twice. After treatment 
with alcohol remove the retina carefully, carrying 
with it if possible the pigment-layer. Stain a small 
piece with htematoxyhn, imbed it in spermaceti 
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ELnd castor oil, clear tbe sections, and mount theni 




Remove the retina from a fresh eye to oamio 
1 p.c. After a few hours, treat with alcohoL 
bed and mount the sections in dilute glycerine. 
In all cases take a small piece for making sec- 
tions. If long vertical sections are made they 
are very apt to turn over. 
Examine the two preparations of § 9 and § 
some points will be best seen in the one, soi 
in the other. Observe the following stnicti 
from within (anterior surface) to without 
terior surface). 

a. The Inner limiting membrane ; trom this 
the fibres of Muller are seen to start with 
a broad foot and to run vertically outwards, 
becoming thinner as they go; they may 
readily be traced as far as /) and may be 
followed to the outer limiting membrane (A), 
here and there anastomosing branches be- 
tween the neighbouring fibres of Miiller may 
be seen. 
h. The layer of optic fibres. The nerve- 
fibres here are without medullary sheaths, or 
rarely possess them. 
c. The ganglionic layer; this consists of a 
single layer of large nerve-cells with con- 
spicuous nuclei. Externally a single process 
may be seen running into the optic fibre 
layer, internally several processes branching 
into 
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d. The molecular layer, consisting of a closa 
network of fine fibrils; under a moderately 
high power it may appear simply granular. 

e. The Inner nuclear layer, consisting of two 
to four rows of somewhat large, spherical or 
oval nuclei with nucleoli. 

/. The outer molecular layer or fenestrated 

membrane of the same appearance aa d. 
g. The outer nuclear layer. In this the 

nuclei are spherical or oval, smaller but more 

numerous than in c. 
h. The outer limiting membrane, seen as a 

sharp well-defined line. 
1. The layer of rods and cones. Both limbs 

of the more numerous rods may be easily 

seen; the cones are shorter than the rods 

and are less obvious. 
h. The pigment of the choroid with the fine 

pencils of processes enveloping the outer 

limbs of the rods and cones. 

11. Tear off a small piece of the retina from a 
sheep's eye preserved in Miiller's fluid; probably 
the pigment-layer of the retina will be left ad- 
hering to the choroid. Take a small piece of 
this pigment-layer, and mount it in glycerine. 
Observe en face the single layer of hexagonal 
cells with large pigment-granules (cp. § 12, b). 

12, Remove the retina of a frog immediately after 
death, and place it in oamic acid for 30 minutes 
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to 24 hours, as convenient; tease out in water 
in dilute glycerine. Observe the isolated frag- 
nients of the various layers, noting especially 

a. The large outer limbs of the rods, their 
striation and transverse lamination. 

h. The pigment-cells, each consisting of a 
colourless outer part, containing the nucleus, 
and a coarsely pigmented part, which splits 
up into a number of fibres, amongst which 
are imbedded the heads of the rods. 



DEMONSTRATION. 

Effect on the iris of stimulating the sympathetic 

nerve. 
Muscles of the eye dissected in the head of a 

sheep or dog. 
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Accommodation. 

I, Remove very carefully the sclerotic and choroid 
from a small portion of the posterior surface of 
the eye of an ox or a sheep, Place the eye 
in the end of a blackened tube just large 
enough to hold it, with the cornea outwards. 
On looking through the tube at any object, the 
inverted image will be seen shining through the 
retina. 
Or, 

The eye of any small animal, e.g. rat, may be 
used without any preparation, the sclerotic 
being sufficiently thin to be transparent. It 
■will be found convenient to place the eye, with 
the cornea downwards, on the stage of a micro- 
scope, and to direct light through it by means 
of tie mirror. 

i. Standing some feet before a window, dose one 
eye and hold up before the other, at a distance 
IS— 2 
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of about six inches, a needle, so that it is at 

right angles to one of the horizontal bars of the 

window. 

liook at the window-bar, the needle will appear 

dim and diffuse. 

Look at the needle, the window-bar will appear 

dim and diffuse. 

The eye can accommodate itself for either the 

needle or the window-bar, but not for both at the 

same time. The accommodation for the near 

object is accompanied by a distinct feeling of 



Facing a window, or a white surface, close one 
eye and hold a iine needle vertically before the 
other. At about sis inches the needle will be 
seen distinctly. Bring it nearer the eye, the 
image will be dim and diffuse, and at the same 
time larger. The dimness and apparent increase 
of size are due to difflulonj resulting firom 
imperfect accommodation. 

Prick a small clean hole in a piece of card, hold 
it before the eye and again bring the needle 
close to the eye. It will be seen distinctly at ft 
much smaller distance than before, and at the 
same time will appear magnified. It will be 
seen more distinctly because the diffusion circles 
are cut off. It will seem larger because, as it is 
nearer the eye, the rays which pass through the 
hole in the card are more divergent. 
For a similar reason an object at a distance 
viewed throiigh the same hole will aj 
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smaller when the eye is accommodated for a 
nearer object. 

Prick in a card two small holes close together, 
so that both are within the diameter of the 
pupil. Holding the card before one eye (the 
other being closed) with the holes horizontal, 
hold a fine needle vertically at a distance of 
twelve inches. It will be seen distinctly as one 
when the eye is accommodated for it, but double 
when accommodation is made either for farther 
or nearer objects. Both the double images will 
be dimmer thau the single one. 
When a double image appears and 

a. The eye is adjusted for far objects ; stopping 
the right-hand hole will make the left-hand 
image disappear. 

b, Theeyeisadjustedfornearobjecta; Btopping 
the right-hand hole will make the right-band 



"When the eye is exactly accommodated for 
the object, the rays passing through the two 
holes are united at the focus on the retina. 
In a, the rays fall upon the retina before 
they are so united. Stopping the right-hand 
hole removes the image on the right-hand 
side of the retina. But images on the right- 
hand side of the retina are referred by ua 
to objects on our left-hand side, hence it ia 
the left-hand image which disappears. 
In b, the rays are united, and cross at the 
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focus before they fall on the retina, Stop- 
piag the right-hand hole removea the image 
on the left-hand side of the retina, ; and the 
disappearance is referred to the right-hand 
side. Construct a figure to shew this. 
"When a single image is seen, stopping either 
hole merely makes the field of vision appear 
dim. 
This is called Schelner*a experiment. 



The image being one, bring the needle closer to 
the eye; at a certain distance it will betxjme 
double; this marks the near Umit of accommoda- 
tion. 

Fixing the needle on a sheet of paper, walk 
away while looking at it through the two holes ; 
at a certain distance it will become double, th i?) 
marks the far limit of accommodatian. This 
experiment succeeds best with short-sighted 
people. 

Compare the near and far limits of accommoda- J 
tion as fixed by looking at a vertical needla.l 
through horizontal holes with those fised bjl 
looking at a horizontal needle through holea I 
placed vertically. The results will differ ao- I 
cording to the amount of astigmatism in the I 
eye. 



6. Helmholtz's Fliakoscope. This should bo 1 
used in a dark room. The observed looks with 1 
one eye through the bole opposite the needle. ] 
The observer looks through the hole at the side. ] 




A lamp or candle is placed at some little distance 
from the prisma and shifted about until the 
observer sees on the eye of the observed, when 
the latter looks at a distant object, two small 
bright patches of light on the cornea, two larger 
but dimmer patches on the anterior surface of 
the lena, and two small and veiy dim (not readily 
seen) patches on the posterior surface of the 



let the observed now accommodate for the 
needle in front of him, making every effort not 
to move the eyeball. The observer will see the 
two patches on the anterior surface of the lens 
approach each other, while the other two pair 
remain motionless, thus shewing that during 
accommodation for near objects the anterior 
surface of the lens becomes more convex. 
Observe that in accommodating for near objects 
the pupil becomes smaller, and in accommo- 
dating for far objects the pupil becomes larger. 

AstlgmatiBm. Draw on a card a st^r composed 
say of eight lines passing through the centre, the 
angle between each two neighbouring lines 
being the same and the lines of equal tint and 
of equal thickness. 

Place this at about the distance which has been 
determined (§ 5) as the far limit of accommoda- 
tion (if this distance is more than eight or ten 
yards use convex spectacles). 
Probably one ot more of the lines will be seen 
much more distinctly and with less blurring than 
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the others. The direction of the line most 
distinctly seen repreaenta the meridian of least 
convexity of the cornea. Approach gradually 
nearer the star and note whether the other lines 
become all visible at once or in aucceaaion, 
Ilepeat this first with one and then with the 
other eye closed ; the astigmatism may be different 
in the two eyea. 

Then holding the star at a distance a little 
greater than the near limi t of accommodation, 
fix the centre of the atar with one eye, keeping 
the other closed, and bring the star gradually 
nearer; the lines will probably not all become 
dim at the same moment ; the line which 
remains distinct longest will be the meridiaa 
of greatest curvature of the cornea; this ia 
usually at right angles to that of least curvature, 
BO that the line last seen with near accomraoda* I 
tion will probably be at right angles to that first 
seen with far accommodation. 
Instead of the atar a number of parallel hori- 
zontal and parallel vertical lines may be drawn. 



Or, 



Fix a needle vertically on a board. Looking at 
the needle with one eye, accommodate the 
eye exactly for it. Then hold another needle 
horizontally before the first, and move it back- 
wards and forwards until both needles are seen 
distinctly at the same time. This will be found J 
to be the case when the needles are at i 
distance apart. 



More exact results are however gained by 
Schemer's method (§§ 4, 5). 

Irradiation. 

Cut- out two patches of exactly the same size, of 

white and of bla^k paper. 

Place the white on a sheet of black and the 

hlack on a sheet of white paper. 

Place them some distance off and adjust the eye 

8o as to throw them a little out of the range of 

accommodation. 

The white patch will appear larger than the 

black one. 

Blind Spot. 

Make a bold mark on a sheet of white paper, 
place the sheet on the table, and, closing the 
left eye, fix the airia of vision of the other, by 
steadfastly looking at the mark at a distance of 
about 10 inches. Dip a new quill-pen in black 
ink and place it close to the paper near the 
mark. Keeping the axis of vision fixed, and the 
head at the same distance from the table, move 
the pen outwards (towards the right) from the 
mark. At a certain distance it will become 
invisible; mark this spot on the paper. Carry 
the pea still farther outwards. It will again 
come visible ; mark this spot also. The two 
spots will indicate the outer and inner limits of 
the blind spot. Similarly the upper and lower 
limits may be traced, and with a Uttle practice 
an outline of the blind spot, shewing evea the 
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commencement of tlie retinal blood-veaaela as 
they emerge from the edge of the optic disc, 
may be constructed. 
The size of the blind spot may be calculal 
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from tbe formula ^ = -^, where / ia the distance 

of the eye from the paper, F the distance of the 
retina from the nodal point of the eye (aver- 
age = 15 mm.), d the diameter of the outline o 
the paper, and D the outline of the blind spot 

10. Region of Distinct Vision. 

Fix the axis of vision by steadfastly looking a 
some mark. Make on a card two dots so cloe 
that they can just be seen as two when placedS 
close to the mark. Keeping the axis fixed, movefl 
the card towards the periphery of the field of 
vision ; the dots will soon appear as one. 
Or. 

Make two dots on a card "5 mm. from each other. 
Fix the axis of vision. Place the card outside 
the whole field of vision and gradually move it 
inwards towards the mark ; the dots will first 
become visible as one^ and only appear as two as 
they approach the centre of the field, and enter 
the region of distinct vision. 
It will be found on examination that the outline 
of this region is not circular but very irregular. 



,te^^H 
nce^^^ 
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Purldt^e's Figures. 

Go into a dark room with a lighted candle: 



looking steadfastly with one eye towards a wall' ; 
hold the candle to the side of that eye so that 
while the eye is illuminated the ima^e of the 
candle is not seen, and gently move the candle 
up and down. In a few seconds the subdued 
reddish glare caused by the candle-light will be 
marked by branching dark hnes, which will be 
seen to form an exact image of the retinal 
vessels as seen with the ophthalmoscope. The 
dark lines are shadows of the blood-vessels; 
consequently the structures in which the physio- 
logical processes which give rise to the sensation 
of light begin must lie behind the retinal blood- 



A cup-shaped space, ii 
are absent, may with i 
yellow spot. 



which the blood-vessels 
xte be seen; this is the 



Turn the eye inwards towards the nose so as to 
espose as much aa possible of the thin sclerotic 
behind the cornea. Let an assistant with a lens 
concentrate the rays of a candle or lamp on the 
sclerotic as far behind the cornea as possible, so 
that the rays may pass directly through it 
towards the opposite side of the eye, and 
gently move the focus to and fro. The same 
image is still more distinctly seen. The smaller 
the focus on the sclerotic, the more distinct the 
image. 

' A lighl-eoldured wall or white blind is the heat. A wall, tbs 
paper of wliich baa any very markocl pattern, Ghoulil bs SToided. 



I 
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K the movement of the light ia stopped, the I 

image soon fades away. 

In the first method the image moves in the same 

direction as the light when the light is moved 

&om side to side, hut in an opposite direction 

when moved up and down. 

In the second method the movement of the image 

13 in the same direction aa that of the light, 

whether up and down or &om side to sida _ 

Look through a microscope with an empty field, , 
illuminated, but not too brightly, by a white 
cloud, and gently move the head to and fro ; an 
appearance of fine retinal capillaries will be 8een 
as a dark meshwork on a finely punctated 
ground. In the centre may be seen a finely 
punctated spot devoid of capillaries. If the 
head bo moved from side to aide, a vertical 
meshwork will be seenj if up and down, a 
horizontal meshwork. 

. The Yellow 8pot. Uazwell's Method. 

Place a moderately strong, but perfectly 
parent solution of chrome alum in a flat-sii 
glass vessel. Resting the eye for a minute 
two, suddenly look through the vessel at a whit 
cloud. A rosy spot or cloud will appear h 
centre of vision and remain for some Uttle 
but will gradually become less distinct. 
The pigment of the yellow spot absorbs the 
blue-green rays between the lines E and F of 
the spectrum, these rays removed from those 
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passing through the chrome alum, viz. red and 
greenish hlue, leave a rose colour, 

14. Begrlon of normal colour-vlBlon. 

Take small pieces of paper of various colours 

(about 10 mm. square). Fix the axis of vision, 

on a sheet of white paper, and place each 

of the coloured papers near the am of vision, 

they will all be distinct. 

Place a red piece near the axis, and then 

gradually move it towards the outside of the 

field of vision ; it will first become yellow, then 

a dull white, and will finally disappear. 

Repeat this with a green piece, similar changes 

are seen, but the yellow is darker. 

Kepeat this with violet, this becomes blue, then 

a dull white, and finally disappears, 

15. PoBltlve After-image. 

When waking in the morning, close and shade 
the eyes for a minute or two, then suddenly 
look at the bright window for a moment or two, 
and then close and shade the eyes ^ain- The 
image of the window exactly corresponding to 
the natural one, i.e. with the sashes dark and 
the panes bright, &c., will last for some little . 
time. 

To succeed, the retina should be in rest before- 
hand, and the exposure to the stimidus momen- 
taiy or nearly so. 

Or, in the evening, having closed and shaded 
the eyes for some time, suddenly look at a lamp 
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and immediately close tlie eyes. A simiiar posi- 
tive after-image will be seen. 
This positive after-image must not be confounded 
■with the negative after-image which comes later. 
It simply shews that the sensation ia of longer 
duration than the application of the stimulus. 

16. Look for an instant at a coloured light, and 
then look at a white or grey surface, a positive 
image of the same colour will for a, brief period 
be visible. 



17. Hegatlve After-image. 

Look fixedly for about twenty seconds 

a. At a white patch (e.g. white wafer) on a 
black ground, and then look at a, white 
surface (or preferably pass a white surface J 
over the whole, keeping the visual axial 
fixed) ; there will be visible a correspondi 
dark patch on the white ground. 

b. At a black patch on a white ground, and fr 
to a grey surface; there will be visible i 
white patch on a grey ground. 

c. At a red patch on a black ground, and t 
to a white surface; there will be visible i 
blue-green patch. 
And so with the other colours, the colour a 
the negative image will be complementaiy tl 
that of the actual object. 

d. At a red patch on a black ground, and tui 
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to a yellow surface; there will be visiblo a 
green patch. 

e. Look fixedly at a brightly illumiiiated win- 
dow and then close the eye. The positive 
after-image will probably not be seen ; in its 
place there will come the negative after-image 
with the saahes as bright lines and the panes 
as dark spaces. This will in turn be suc- 
ceeded by coloured images. 

IS, Contrast. 

Place three candles in front of a white, otherwise 
un-illuminated surface ; pass between them and 
the surface an opaque body with a sharp clean- 
cut edge, ao that part of the surface is illuminated 
by the three candles, part by two, part by one 
and part un-illuminated ; stand two or three 
yards back and look fixedly at the junction lines 
of the variously illuminated surfaces ; it will be 
seen that each area is lighter close to a darker 
surface and darker close to a hghter one than it 
is elsewhere. 

19, Simultaneous Contrast. 

a. Cut out a thin cross of grey paper, and place 
it in the middle of a sheet of bright green 
paper. Cover the whole with a sheet of thin 
tissue paper. The grey patch will appear 
pink. The exaj^t tint of the patch will 
depend on the tint of the green, of which 
it will be the complementary colour. 
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Surround the grey cross with a broad darkjl 

black rim. The effect of contrast will ba j 

lost ; the grey patch will appear grey. 

On a red ground the grey cross will appear 1 

green, and with the other colours similar I 

complementary effects will be produced ; but .1 

the results are most striking in the casD of | 

red and green. 

The effect is greatest when the patch is grey, J 

not white, and is always heightened by cover- , 

ing with tissue paper, 

b. Cut a thin strip of grey paper and place it I 
across the j unction of a red with a green I 
paper, and cover with tissue paper. 
The grey will appear green on the red aide j 
and pink on the green side. 

c. Place a sheet of white paper on a table before | 
a window illuminated by reflection from a I 
white cloud, not with direct sunlight On I 
the side of the paper opposite the window 1 
place a lighted candle, and between it and i 
the paper place a book edge-ways, or any | 
object which will throw a shadow on the 1 
paper. Between the paper and the window ] 
place a similar object, throwing a like shadow, [ 
The distance of the candle should be such 1 
that the two shadows are of nearly equal I 
intensity. 

The shadow from the candle, though illumi- 
nated by the white sunlight, will appear blue, 
the complement of the reddish yellow colour . 



r 
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of the rest of the paper illuminated by the 
caodle. 

This effect of contrast is subjective, not 
objective. To shew this, blow out or plaj:e a 
screen before the candle so as to do away 
with the candle-light, The pla<;e formerly 
occupied by the shadow now appears white. 
Through a small black tube, e.g. a piece of 
black paper rolled up, with so small a bore 
that the whole field of view lies within the 
shadow,look at the centre ofthe area formerly 
occupied by the shadow. It still of course 
appears white. While looking, let some one 
light the candle, or remove the screen. No 
change will be visible to the observer looking 
through the tube. 

If the tube however be directed partly on 
the area of the shadow, and partly outside, 
the blue tint of the shadow will, on the candle 
being lighted or the screen removed, become 
apparent as before. 

The daylight-shadow heightens the effect on 
the candle shadow, but may be dispensed 
with. 

In place of sunl^ht and candle, two coloured 
lights may be used. 
In the above experiments (§§ a, b, c) avoid look- 
ing at the colours too fixedly and for too long a 
time. Otherwise the results will be modified by 
after-images. 



SO. Visual Judgements. 



Measure on a card two 
ID 
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equal squares ; without putting in the outline of 
the squares, fill in one with fine vertical lines 
one to two millimetres apart and the other with 
similar horizontal lines the same distance apart. 
Place them a short distance oflf, they will appear 
not square but oblong. The side at right angles 
to the direction of the lines looking longer than 
the side parallel to the direction of the lines. 



DEMONSTRATIONS. 

1. Kuhne's artificial eye. 

2. Mixing of colour sensations with the colour top. 

S. Method of testing colour blindness with skeins of 
coloured worsted. 
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Cut through with a strong sharp scalpel or with 
bone forceps the cartilagiuous roof of the skull 
transversely between the eyes; remove the 
posterior part of the roof. Opposite the hinder 
part of the brain the cartilage will be seen to be 
much thicker than elsewhere; it contains the 
vestibule and semicircular canals: slice it away 
till one of the semicircular canals is reached; 
when this is done, trace it, removing the upper 
portion with a scalpel or a strong pair of scissors. 
Note 
a. The almost transparent membranoiu canal 

much smaller than the cartilaginous canal 

in which it lies. 
h. The ampulla or spindle-shaped dilatation of 

the membranous canal close to one end. 
c. The opening of the semicircular canal at 

either end into a large membranous bag, 
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d. The BacculiUj a membraiioiis bag not bo I 
large as the utriculus aad separated from it i 
only by a shallow constriction. 

e. The rudiment of a cochlea appearing as a 
small projection from tbe anterior end of the 
sa^culus. 



Trace out the three 'semicircular' canals, the 
horizontal canal, tha anterior and posterior 
vertical canals, the two latter uniting at their 
non-ampul!ary ends. Observe that the planes 
passing through these canals are at right angles 
to one another. A tube may be noticed running 
upwards from the utriculus, close to the point of 
entrance of the two vertical canals, to open on 
the surface of the body: the recesaus vestibuli of 
mammals is homologous with this. 

Cut through a membranous semicircular canal 
and pull up with forceps the part connected with 
an ampulla ; the canal separates from the carti- 
lage readily, but the ampulla is more firmly 
attached at one spot, the crista acustlca, 
where a branch of the auditory nerve enters; 
cut through the ampulla at either end, and with 
a sharp scalpel cut through the nerve close to 
the cartilage ; cut open the ampulla on the side 
opposite the entrance of the nerve and note the 
ridge of the crista acustica running transversely 
a third to a half way across the tube, where the 
nerve enters it. 



i 



At tlie lower part of tlie utriculua and sacculua 
note the white calcareous paste, lift up the 
membranoua bag and note that beneath the 
paste, nerve fibres enter through the cartilage. 
Remove the membranous vestibule and canals, 
8op up any fluid with a sponge and moisten the 
cartilaginous vestibule and canals with osmic 
acid; in a short time the nerve fibres entering 
through the cartilage become blackened and so 
very distinct- 
Trace towards the br^n, cutting through the 
cartilage, one of the nerve bundles, e.g. that 
entering the utriculua 



Lay bare the semicircular canals in a fresh skate 
and cut out an ampulla as in § 3 ; place it in 
picric acid or in chromic acid -2 p.c for a week, 
treat with alcohol, stain with hEcmatoxylin, and 
imbed, soaking previously a short time in the 
imbedding mixture, clear the sections on the 
slide and mount in Canada balsam. 
In sections through the crista acustica observe 

a. The outer loose connective tissue, and 

6. The thick connective tissue walL 

c The numerous large nerve fibres running 
&om the outside towards this; the fibres 
may be traced through the membrane be- 
coming much smaller and some losing their 
medulla. 
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d. Two or more layers of cells with iarga 
nuclei ; long processes may be seen to 
proceed upwards from eome of these. J 

e. Superficial columnar cells. g 

/ Fine fibres projecting beyond the columnar 

cells ; if care has not been taken these will 
have been broken o£F ; in any case it will be 
difficult to make out whether the processes 
run between the cells or from their extremitieB. 
In sections through any other part of thej 
ampulla observe, M 

g. The thimier connective tissue wall, 

k. The single layer of short columnar or even 
flattened cells. 



Place another ampulla in osmic acid 1 p.c. for 
half-an-hour or longer ; tease out a piece of the 
crista acustica in water or in dilute glycerine and 
observe the nerve fibres with blackened medulla 
in the wall of the tube, and the isolated cells 

(§§*.=,* 

Scrape off a little of the epithelium from the 
crista acustica of a fresh ampulla and tease out 
in a drop of endolymph to observe the characters 
of the fresh cells. 





Take the head of a cat', and cut away all the 
soft tissues surrounding the tympanic bulla, 
having snipped off the external meatus 
to the Bkull as possible, look down and observe 
the tympanic membrane; it is placed obliquely 
to the canal and faces forwards, outwards, and 
downwards. The attached handle of the raaUeua 
may be seen shining through it. 

2. Place the head with the lower jaw uppermost, 
and with a strong pair of forceps break away 
piecemeal the projecting part of the bulla. The 
cavity thus exposed has a floor' made irregular 
by projections. Note in the centre a projection 
of somewhat yellowish bone running in the long 
axis of the bulla ; this is the promontoiy of the 
cochlea : at a lower level in the exterior and 
posterior part of it will be seen a round depres- 
sion, the foramen rotundum. 

3. In front and outside the cochlea is a projection 
of thin bone which prevents the raembrana 
tympani from being seen; it divides the tym- 
panic cavity into two parts communicating by 

< The details of anaDgemsnt differ considerably in different 
Bnimftls: the foUowmg description applies to the oat, the mora 
Ijaneral featoced may however be mads out in other mammals. 

' It moat ba paiticnlarly noticed that the words floor, roof, 
eiterior, poBterlor, eto. are here used with refereooe to the positioa of 
the head during the diiiectioit ; the position o( the parte when the 
hiiad is placed in the normal position should also be observed. 
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an aperture over the foramen rotundum; tbia 
arrangement is a characteristic of the Felidaa ; 
break through the bone from above and very 
carefully remove it in piecea with forceps. The 
rest of the cavity of the tympanum is thus ex- 
posed. 

Note the funnel shape of the membrana tym- 
pani; it has the handle of the malleus attached 
to it; this proceeds from the outside attachment 
of the membrane sHghtly upwards to a little past 
the middle point of the membrane (cp. foot-notes, 
p. 295). 

Running out from a bony rim behind the mem- 
brana tympani in the outer part, will be seen 
band of tissue stretching to the outer, anterior 
edge of the bony rim surrounding the foramen 
rotundum; from this a thin ligament proceeds 
at right angles to the former band to be inserted 
into the head of the malleus. This is the 
posterior ligament of the malleua. 



I 



On the opposite side of the head of the malleoA:! 
and in the same straight line, note the proceams] 
graclliB running down to the lower edge of th< 
membrana tympani; it is attached here to thei 
bony wall by the anterior ligament of the; 
malleus ; do not attempt to trace the tigament' 
till the malleus is removed later on. The tissues 
in the striught line thus followed down form the 
azU band of the malleus, Le. the axis about 
which the ossicula auditds turn. 



1 
I 



Proceeding from the head of the malleua nearly 
at right angles to the axis band, inwards and 
downwards is a bony process to which is attached, 
by a very short tendon, the tensor tympanf 
muscle. Press this towards its origin with a 
seeker and note that it tightens the membrane. 
Press hghtly on the end of the handle of the 
malleus, it has but a small excursion. 

With a fine pair of scissors cut through the 
attachment of the membrana tympani, except 
at the handle of the malleua, and with a small 
pair of bone forceps remove the upper part of 
the bony ring to which it was attached. The 
malleus will remain in position. The incus and 
stapes may be indistinctly seen deep down on the 
outer side. 

In order to make out well the relation of these 
gwiat care ia required. Take a fine saw and 
proceeding from behind in a plane passing just 
outside the incus, saw away the external piece of 
bone. 
Observe then 

a. The rather long slender neck, and knobbed 
head of the malleus. 

b. The InciiB with two processes, one passing 
almost horizontally backward and by a bga- 
ment attached to the bony tympanic wall, 
the other proceeding upwards, and attached 
to the head of the itapei. When the bones 
are removed later, the saddle-shaped surface 
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of articulation of the incus with the malleus 
should be observed, 

c. The Btapes, imich more transparent thai 
the other bones; the base fits into an ova 
depression, the fbnestra ovalls. Observe ' 
the stapedius muscle passing backwards 
from the head of the stapes to the aque- 
dnctus f allopii at the lower, outer part ( 
the cochlea. 

8. Take out now the ossicula auditus, and obse 
further the shape of each. 

9. To the inner side, rather in front of the attach- 
ment of the tensor tympani muscle, observe t 
opening of the Bustachian tube ; pass a p 
down it and note the pharyngeal opening. 

10. With a small pair of bone forceps, break t 
the wall of the cochlea proceeding from 1 
foramen rotundum towards the apex of the I 
cone. Observe the coils of the cochlea with t 
central piece of bone or tnodiolufl and the pro 
jecting lamina spiralis. 

11. With a strong pair of forceps remove the periofi 
bone from the skull and cut through the coct" 
down the modiolus. Observe the nerves r 
up its centre. 

12. Starting from the fenestra ovalis thn ' 
may be exposed, the openings of the semici 
canals seen and traced out in the bone, but t 




is not easy, and the arrangement differs but 
little from that in the skate. 
13. Take the cochlea of a mammal, preferahly of a 
guinea-pig, which has been treated with picric 
acid until the salts have been dissolved out, and 
subsequently with alcohol. Remove all the 
softened bone as close aa possible to the cochlea. 
Slice away the apex of the cochlea, stain the 
remainder with htematoxyHn and imbed in the 
manner given in Lesson SX. § 6. Cut sections 
through the axis of the cochlea, throw away the 
first two or three and the last two or three 
sections ; clear the rest on a slide with creosote 
and turpentine, mount in Canada balsam. 
Observe 

o. The division of each turn of the cochlea into 
three canals by the basUar membrane 
running across from the end of the lamina 
spiralis, and by the membrane of Relssner 
starting from the lamina farther back; the 
latter will very probably have been torn 
through. 
b. The following modifications of the epithelium 
cells of the scala media, starting from the 
inner side of the basilar membrane. 
a. Cells passing from cubical to columnar. 
^. The single inner hair cell, columnar 
with short rod-like processes, the so- 
called hairs, from its free surface, its 
deep pointed end is more or less hidden 
by small cells with large nuclei 
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7. The inner and tbo outer rod of Cord*! 

B. The three or four outer hali 

long irregular cella, not perpendicular 
to the membrane, but bending inwards, 
with short rod-like processes projecting 
from the surface, and deeply seated 
nucleus; occasionally two nuclei are 
seen in a cell. 

ij. The rings of the reticular tnembranel 
surrounding the tops of the inner audi 
outer hair cells. 

6. Cells passing from columnar to cubica 
inclining inwards, like the outer I 
cells. 

C. The membrana tectoria proceeding i 

projection of tissue on the lamina spiralis 
thence enlarging and forming a more or lea 
distinct pad above the organ of Corti; in t 
preparation it will probably be considerabl 
shrunken, 

d. The nerves running along the lamina spira 

towards the basilar membrane. 
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SPINAL CORD. 



Make transverse sections of the hardened spinal 
cord of B. cat or dog through the region of 
the cervical enlargement (say at the origin of ' 
the 5th cervical nerve). Stain the sections with 
dilute carmine or picrocarmine for a day, clear 
and mount in Canada 
The cord should have b 
- potasBium bichromate 2 p.o. for three or four weeks, 
then washed with water, placed in 30 p.c. aJcohol 
for several days changing the fluid each day, thea 
placed in 50 p.c. alcohol, which should be renewed 
until it no longer becomes coloured. The cord may 
be kept in T5 p.c. or in strong alcohol. It is best 
stained by placing the piece to be cut in strong 
Trey's carmine for several days, it may then be 
well washed with water, soaked in gum for a day, 
and cut with the freezing microtome. 
Observe under a low power the following general 
features 

a. The pia mater^ surrounding the cord; it 
consists of two coats (cp, § 3 a.); the inner 
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coat sends into the cord numerous septa. 

Note the blood-vessels running from the pia 

mater into the cord along the septa. 

The anterior and posterior flasures ; the ' 

pia mater dips down into the anterior fissure; 

the posterior fissure contains a prolongation 

of the inner coat only of the pia mater, the 

outer coat running over the fissure. 

The entrance into the cord of the anterior 1 

roots of the spinal nerves in several small j 

bundles. 

The entrance into the cord of the poBteilor J 

roots of the spinal nerves in a compact i 

mass. 

The white lubstance forming the outet i 

part of the cord and divided on each side by I 

the entrance of the nerve roots into anterior, 

lateral and posterior columns ; since the | 

fibres of the anterior root do not enter the cord 

in one bundle (cp. c.) there is no definite line ' 

of division between the anterior and lateral | 

columns. 

The grey matter projecting on each side I 

into an anterior and a posterior comn, j 

but with no distinct separating line between ] 

them. 

The central canal ; it may be plugged up i 

with epithelial cells ; 

A ling of deeply stained neuroglia around J 

the central canal, and 
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t. 


On either side of this, the anterior and pos- ^H 
terior grey commlsBUres of deeply stained ^H 
Bubstaoces in which crossing nerve fibres are ^^H 
seen. ^H 


k. 


The anterior white commissure consisting ^H 
of fairly large decussating nerve fibres in ^^H 
front of the anterior grey commissure. ^H 


I 


A round or oval deeply stained area, the ^^| 
substantia gelatlnosa, forming the hiuder ^H 
part of the posterior coruu. ^H 


' 2. Examine the same section first under a low and ^M 
1 then under a high power. Observe ^^H 


a. 


The large multipolar nerve cells of the an- 
terior comu placed chiefly in the anterior 
and lateral part of the cornu ; they may be 
more or less distinctly arranged in two or in 
tiiree groups. 


b. 


The transverse fibres (longitudinal in the 
plane of the section) running from the 
posterior part of the anterior comu into 
the lateral column. 


c. 


The fibres of the posterior root running 
(a) transversely through the substantia gela- 
tinoaa, (/9) obliquely into the posterior 
column. 


d. 


Transverse and oblique fibres running frem 
the posterior column into the posterior 
comn. 



Wi. 
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XTnder a high power repeat the observa! 

of § F, Lesson X. and observe further 




a. The outer coat of the pia mater consia 
chiefly of white fibrous tissue; the inm 
chiefly of fine elastic Bbrib. 

b. The central canal ia lined with a layer c 
columnar epithelium cells. 

c. In the grey Buhstance, a fine small-mesheJ 
network of fihrib, lying in a punctated or 
granular-looking matrix. 

d. The nerve fibres, many medullated, of aJl.j 
sizes, throughout the grey substance (in the I 
ring around the central canal the nerve fibres 1 
are very few and small, in the substantia ] 
gelatinosa they are chiefly the fibres of the J 
posterior roots). Note the fibres : 
across the anterior and posterior grey com 
missures and compare the anterior grey wi^ 
the white commissure. 

Prepare transverse sections of the spinal cord a 
a cat or dog taken through the dorsal and lum 
bar regions {say through ori^n of 9tb dorsal and! 
4th lumbar nerves) and compare them with the J 
section of the cervical region. Observe 

a. The sections taken from the cervical i 
lumbar regions are laiger than those takei 
from the dorsal region. 

b. The enlargements in these regions are largeH 
due to an increase in the quantity of g 
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matter ; note the relatively small number of 
nerve-cells in the anterior comu of the dorsal 



c. The quantity of white substance (number of 
nerve fibres) is greater in the dorsal than in 
the lumbar region, and greater in the cervi- 
cal than in the dorsal, i.e. the quantity of 
white substance in the cord increases from 
below upwards. 

d. In the cervical region the posterior column 
is divided into two parts, a median part, the 
f3a,sclculuB of Goll, and a lateral part, the 
f^clculus cuneatuB, by a septum of con- 
nective tissue (the fasciculus of Goll may 
be traced some distance dowa the doisal 
region becoming smaller in its eotirse). 

e. In the dorsal region there is a small lateral 
collection of nerve cells in the grey substance 
behind and laterally of the central canal; 
this is Clarke's column, or the posterior 
vesicular column. It becomes indistinct in 
the upper dorsal and lower lumbar regions. 

f. In the dorsal region there is a lateral pro- 
jection of the grey substance about mid-way 
between the anterior and the posterior cornu, 
this is the tractus intermedio-lateralis ; in it 
is a group of nerve cells ; in the cervical and 
lumbar regions this group of cells blends into 
that of the anterior comu. 

20 
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In the lumbar region, the nerve fibres of tJ 
anterior root spreading out in the grey auB 
stance, some may be seen running across to 
the other side of the cord and forming part 
of the anterior white commiaaure (the course 
of the fibres of the anterior root is the same J 
in the other regions of the cord but usuall^fl 
less distinct). " 

Tlie Student should be ab!e to recognize a sec- 
tion of the spinal cord aa belonging to the cervi- 
cal, the doi'sol or lumbar region ; in doing this, 
the chief points to be noticed are : — the presence 
or absence of Goll'a column, of the tractus inter- 
medio-lateralia (lateral covnn), and of the colleo- 
tion of celU forming Clarke's column; the 
relative amount of white and of grey substance; 
the shape of the anterior and of the posi 
cornu ; and the position of the central canaL 



Phice a short piece of the spinal cord of an 
in potassium bichromate '2 p.c. for a few 
and after the chromium salt has been remoi 
by 30 p.c. alcohol, place the piece in strong 
Frey'a carmine for a week or longer. With free 
hand cut a thick section from the anterior 
cornu and the neighbouring part of the anterior 
column and tease it out in a small quantity of 
glycerine under a dissecting microscope, trying 
to isolate one or more of the large nerve-col 
seen and throwing away the rest of the 
In the more or less isolated cells observe 
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The single unbranched axis-cylinder process. 
The numerous remainiQg prcHjesses (proto- 
plasmic processes) frequently branching, some 
may be seen to divide into very fine fibrils. 

Cut an antero-poaterior longitudinal section 
passing through both the anterior and the pos- 
terior nerve-roots. Note 
a. The longitudinal meduUated fibres of the 

anterior column. 
6. The anterior nerve-roota entering obliquely. 

c. The nerve-cells and fibres of the anterior 
comu. 

d. The substantia gelatinosa of the posterior 
comu, with vertical fibres on either side and 
curved fibres running through it 

e. The longitudinal meduUated fibres of the 
posterior columns, in which can be seen 

/. The cut ends of the posterior nerve-roota. 



DEMONSTRATION. 

Section of spinal cord prepared by Weigert'a 
method to show meduUated fibres in the grey 
substance. (Cf. p. 39G). 



LESSON XXX. 



THE BRAIN. 



A. Dissection op the Brain' of a Dog oe of J 

Sheep. 

1. Note the dura mater and pia mater (cp. Less 
I.B§3,5,c). 

2. Cutting away the dura mater and careful^ 
handling the brain to avoid tearing the i 
roots, observe 
a. The cerebrum overlaps the anterior part o 

the cerebellum (the overlapping is less a 
the sheep than in the dog), 

1 The train shoald be reinoved from the hIhiI! as carefaUy ■ 
possible, especial paiua being taken to cut the internal carotic 
and the cranial nerves close to the ekqll. When the brain la 
it is best to tie the internal carotid arteries, and inject 
basilar artery first salt solution to waeh out the blood as mncli as 
poesibie, then dilate and finally strong spirit; it ia then placed in 
strong spirit; it may be dissected in a few days, but it is better to 
leave it in the spirit for three or four Tveeks, If the brain be not 
injected, it should be placed for two or three days in tetak spirit of 
about 60 p.G., and then transferred to 90 p.c. spirit; in this it shonld 
be left for a month or more to harden it thoroughlj. 
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b. The cerebellum covers the dorsal part of the 
medulla oblongata. 



3. Tearing away as much of the pia mater as may 
be necessary, turn forward the cerebellum ; the 
posterior dorsal surface of the medulla oblongata 
will be seen. Note 

a. The choroid plexuses of the fourth ventricle, 
appearing on either side as a very vascular 
projection of the pia mater; they lie immedi- 
ately above the thin epithelial roof of the 
ventricle; t«ar them away to expose the pos- 
terior half of the fourth ventricle. 

b. The diverging posterior columns of the spinal 
cord ; the fasciculus of GoU (cp. Lesson XXIX. 
§ 4, d.) is continued on as the f^ciculus 
gracilis which forms the lateral wall of the 
posterior part of tbu fourth ventricle; late- 
rally of this is seen the Auciculus cuneatUB 
continuous with the fasciculus cuneatus of 
the cord (cp. Lesson xsix. § 4, d.). 

c. The oblique fibres running from the lateral 
and anterior columns over the fasciculus 
cuneatus and apparently blending with it; 
the depression between the fasciculus gracilis 
and the fasciculus cuneatus at the same time 
disappearing, so that soon after the posterior 
columns have diverged, a single rounded 
eminence, the restiform body, is seen. 

d. Aateriorly the restiform bodies run into the 
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cerebellum, constitutiBg tlie Inferior 
cles of the cerebellutn. 

4. Turn back the cerebellum, tearing away the pU 
mater which dips down in front of it. Observe 

a. The corpora quadrigemlna, consisting of 
two round and rather large anterior bodies, 
and two smaller posterior bodies. The an- 
terior corpora quadrigemina are partiallyJ 
covered by the cortex of the cerebrum, fl 

b. The superior peduncles of the cerebel- 
lum, one on each side, proceeding from 
the cerebellum aa a roundish cord and dis- 
appearing underneath the posterior ( 
quadrigeminum of the same side. 

c. The valve of Vleuasena, a thin layer c 
nervous substance stretching between 
superior peduncles, and covering in the i 
terior part of the fourth ventricle. In 1 
anterior part of the valve the roots of t 
fourth nerve may he seen rising from 1 
middle line, and curving round to reach t 
base of the brain. 

d. Tear away the valve of Vieussens and obsen 
the anterior triangular part of the foo; 
ventricle, its lateral boundaries are 
superior peduncles of the cerebellum. 

5. Note on the under (ventral) surface of 
medulla oblongata, without tearing away 1 
pia mater. 
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The anterior pyramidfl, two rounded corda 
one on either side of the median line. 

The pons Varolii. At its lower edge are 
transverse fibres forming a narrow baud, the 
trapezium, which dips down underneath 
(dorsally of) the anterior pyramids; anteriorly 
to this are transverse fibres forming a broad 
band which runs over (ventrally ot) the ante- 
rior pyramids; the band baa a median shallow 
depression. In man the fibres of the trape- 
zium are not seen on the surface of the pons. 
Note on each side the continuation of the 
transverse fibres of the pons into the middle 
peduncle of the cerebellum, 

c. The Inferior olivary bodies, two slight 
oval elevations one on each side, laterally of 
the anterior pyramid and just below the 
trapezium. These will be seen more dis- 
tinctly when the pia mater has been torn 
away (cp. § 10). 

d. The crura cerebri or peduncles of the 
cerebrum, two hroad roundish hands which 
appear at the anterior edge of the pons, and 
run forwards diverging from one another. 

e. The posterior perforated space between 
the diverging fibres of the crura cerebri. 

f. The round projecting corpus albicans or 
mammillare in front of the posterior perfo- 
rated space. In the dog there is a ahallov^ 
median groove dividing it in two. 



VKs 
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Immediately anterior to this a sm^ i 
the tuber clnereum, from this springA^ 
the funnel-shaped Innindlbulum leading 
to the round pituitary body; cut across 
the infundibulura and observe the central 
space, which leads into the third ventricle. J 
(The pituitajy body may have been tuml 
away in removing the brain from the skull.) i 
h. The optic tracts, two flat bundles of fibre 
coming obliquely forward over the front p 
of the crura cerebri, and meeting in i 
middle line to form the optic chlasma:! 
from this a small piece of the optic nerve;! 
will be seen coming off on each side. 

6. Observe the division of the cerebellum into t 
median and two lateral lobes, cut through t 
middle peduncle (§ 5. h) on each side i 
passes from the cerebellum, and remove the cei 
helium; divide it into four pieces two by a h 
tudinal and a transverse cut and note, the depth o 
its fissures, the white substance radiating t 
wards in the laminie, and covered by a thin layei 
of grey substance, the whole having a distinctly! 
arborescent appearance. In the midst of the cen-j 
tral mass of white substance in the lateral 1 
may be seen a greyer area representing ■ 
corpus dentatum of man ; it is more distinct i 

a brain preserved in ammonium bichromate. 

7. Observe now more closely the exposed fom 
ventricle. It has a roughly rhomboidal s 
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its posterior triangular portion is the calamui 
scriptorius; note the opening of the central 
canal of the spinal cord into this; note also 
at the anterior end of the fourth ventricle the 
aqueduct of Sylvius or iter underneath the 
corpora quadrigemina ; it runs from the fourth 
to the third ventricle (cp. § 19). 

Trace the chief blood-vessels running in the pia 
mater of the under surface of the brain, tear- 
ing away the pia mater where necessary but 
being careful not to tear away at the same time 
the nerve-roots. At the upper part of the 
medulla will be seen two arteries. These are 
the vertebral arteries, which having given 
off recurrent branches along the anterior fissure 
of the medulla, curve round to unite in the 
median line; the vessel formed by their union 
is called the basilar arteiy, and runs forwards 
in the median line of the pons Varolii. At 
the front edge of this it divides into the two 
posterior cerebral arteries, each of which 
running obliquely forward passes to the median 
side of the third nerve a^ it springs from the 
crua cerebri. 

Just beyond this each posterior cerebral divides 
into two branches. One of these runs back- 
ward ; the other proceeding forwards, is, a little 
behind the optic commissure, joined by the 
Internal carotid artery. Each arterial trunk 
BO formed passes round the optic commissure, 
and divides into the middle cerebral artery 
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which crosses the olfactory lobe, ite main branch 
running in the fissure of Sylvius, cp. C, § 6, 
giving off numerous branchea^ and the anterior 
cerebral artery which passes forwards between 
the front lobes of the cerebrum, having a trans- 
verse communicating branch with its fellow of 
the opposite si da The anastomoses between 
the branches of the posterior cerebral and the 
internal carotid arteries and those between the 
two anterior cerebral arteries complete the 
circle of WUlls. 



Now carefully tear away the pia mater and 
observe the points of esit of the follwing nerve- 
too ta (cp. Lesson I. p. 12). 

a. The third pair of nerves, arising from the 
inner surfaces of the crura cerebri in front of 
the pons Varolii (cp. § 8). 

b. The fourth pair of nerves, which will be seen 
curving round the front edge of the pons; 
they originate a little behind the corpora 
quadrigemina (cp. § 1, c). 

c The fifth pair of nerves, large and con- 
spicuous, arising from the sides of the pons. 

d. The sixth pair of nerves, arising in front 
of the olivary bodies and anterior pjTamids 
close behind the pons. 

e. The seventh pair of nerves seen at the 
lower edge of the pons nearly in a line with 
the fifth pair, they arise from the trapezium 
in a line with the outer border of the inferior 
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olivary body, (Their superficial origin ia 
different in man.) 

f. The eighth pair of nerves just outside the 
seventh ; they cling to the lateral surface of 
the medulla, they will be seen on the dorsal 
surface passing over the restiform bodies. 
Note the small bundles of fibres (striie 
acusticos) passing over the restiform bodies 
into the fourth ventricle. 

g. The ninth, tenth and eleventh pairs of nervea 
each arising by several roots which form a 
line on the lateral part of the medulla ; this 
line in its lower portion is continuous with 
the line of the posterior roots of the cervical 
nerves ; the eleventh pair has origin also 
from the spinal cord, it may be traced down- 
wards on the surface of the cord to about the 
sixth cervical nerve. 

h. The twelfth pair of nervea arising by several 
roots between the anterior pyramids and 
olivary bodies. 

10. Observe again the ventral surface of the brain 
(§ 5), removing the pia mater. 

11. Separate the hemispheres and observe the 
corpus callosum, noting its curve in front 
fgeuu) and its curve behind {splenium), 

12. Cut away in thin slices the dorsal surface of the 
hemispheres, nearly down to the level of the 
corpus callosum, noting the outer grey substanca 
and the inner white substance. 
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Make a. shallow cut along each aide of the corpus 
calloBum and pull up the cortex oa the outside 
of the cut; a space, the body of the lateral ven- 
tricle, will be seen ; carefully cut away the roof 
of this space, which will then be seen to run 
forwards as the anterior comu and backwards and J 
downwards as the descending comu of the lateral I 
ventricle; on one side completely remove the! 
coites above the comua. Observe 

a. The nucleus caudatus of the corpus stria- ^ 
turn, seen as a large rounded projection into 
the anterior comu and continued backwards 
as a tapering mass (tail of the nucleus) on the 
outer side of the body of the ventriela 

b. The hlppocampuB major, a rounded projeo- 
tion of the floor and medial wall of th* 



c. The floor of the body of the lateral ventricle 
consisting of a thin lamina (cp. § 16), 
fornix ; continuous posteriorly with tha^ 
hippocampus. 

d. The choroid plexus of the lateral ventricle 
covering the lateral edge of the fornix and O 
the hippocampus. At the junction i 
body of the ventricle with the anterior comoj 
the choroid plexus dips down underneath 
the fornix. 

e. Turn laterally the choroid plexus and observe 
the band of white substance running from the 
fornix along the edge of the hippocampus 
forming the flmbria of the hippocampus. 
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/. Carefully pass a seeker underneath the edge of 
the fornix and of the fimbria; note that they 
can be raised from the subjacent parts and 
that the choroid plexus dips underneath them. 

13. Gently raise the corpus callosum.a thin membrane 
the aeptum lucidum will be seen stretching 
from its under surface to the fornix and sepa- 
rating the lateral ventricles of the two sides. 

14. Cut through the corpus callo-sum near its poste- 
rior end and turn it forwards, cutting through 
the septum lucidum ; indications of the forma- 
tion of the septum from two membranes will be 
seen, in its anterior portion a narrow apace the 
fifth ventricle may be seen. Cut through the 
corpus callosum anteriorly and remove it. 

The parts of the fornix previously noticed in 
each lateral ventricle are now seen to be joined 
in the median hne forming a triangular lamina. 
Anteriorly this dips down some little distance 
behind the genu of the corpus callosum; as it 
dips down it divides into two round cords, the 
anterior pillars of the fornix (these will be 
better seen when the fornix is cut through 
(§ 15)); the part of the fornix where these 
pillars are joined is called the body, this is 
small in lower mammals since the pillars soon 
diverge posteriorly ; where they diverge they are 
called the posterior pillars of the fornix, these 
run on to form the fimbriie of the hippocampua 
(cp. § 12, e) and also send fibres which run over 
the inner surface of the hippocampus. 
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Carefully cut through the anterior portion of 
the fornix and turn it back, being careful not to 
drag with it the choroid plexus; the choroid 
plexua of each side will be seen to curve back 
slightly and join with the other in the median 
line ; the space left on either side between 
the choroid plexus and the anterior pillars of 
the fornix is part of the foramen of Monro. 
The remaining part of the foramen of Monro 
is the apace in the median line between the 
anterior portions of the choroid plexuses where 
they join; this leads into the third ventricle 
(cp, § 19); the foramen of Monro is thus roughly 
a Y-shaped space, one limb communicating with 
the third ventricle and each of the other two 
with a lateral ventricle at the junction of the 
body with the anterior comu. 

The vascular membrane underneath the fornix 
is the Teliun interpoaltum, this is seen to be 
continuous anteriorly with the recurved ends of 
the choroid plexuses about the foramen of Monro 
and laterally with the whole length of the 
choroid plexus of the lateral ventricles, in fact 
the choroid plexuses are only the free borders of 
the velum interpositura curving over the edge of 
ttie fornix and over its posterior pillars, (It is to 
be remembered that since there is an epithelial 
membrane running from the fornix over the 
choroid plexuses to the edge of the nucleus 
caudatus, the lateral ventricle has no opening 
except at the foramen of Monro.) 
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The space between the cortex and the mid-brain 
in which lies the velum interpositum is the 80- 
called t: 



In the median line cut through the fornix, with 
the posterior part of the corpus callosura which 
remains attached to it; 

Note that the cortex curls a short way under- 
neath the corpus callosum. 
On one side pull the fornix and hippocampus 
backwards ; note on the outer (lower) surface of 
the cortex, the dentate or hippocampal fissure; 
it ia shallow and is situated a short distance from 
the edge of the fimbria, nearly opposite the 
middle of the hippocampus; it runs from the 
cortex underneath the corpus callosum (cp. § 17) 
to the extremity of the cortex of the descending 
comu of the lateral ventricle ; the projection of 
the hippocampus seen in the descending comu 
is caused by the folding of the cortex round 
this fissure ; note the lower surface of the pos- 
terior pillars of the fornix. 
Turn back the velum interpositum ; in separa- 
ting the velum posteriorly note two projections 
downwards into the median space, these are the 
choroid plexuses of the third ventricle. 
The optic thalamus will now be seen on each 
side, a depression runs round its lateral boundary; 
between the optic thalami is a narrow space, the 
third ventricle. Note the tail of the nucleus 
caudatus stretching backwards for some distance 
laterally of the optic thalamus. 



F 
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Note at the posterior part of the optic thalami 
in the median Use the round pineal gland, and 
running from thia near the middle line two 
thin white bands, the peduncles of the pineal 
gland, one over the optic thalamus of each side. 
Between the optic thalami, and running 
the third ventricle, is seen the large mii 
cerebral commissure, of grey substance 
hence very readily torn through. 
Cut away on one side the cortex so as 
completely expose the optic thalami and opi 
tract, and trace the course of the optic ti 
carefully tearing away the pia mater. The opta( 
tract will be seen to curve dorsally and form an' 
eminence, the external corpus genlculatom, 
at the posterior lateral part of the optic thala- 
mus; over this may be seen fibres running 
the optic thalamus, and a rather large band 
fibres curling back and running into the anterii 
corpus quadrigeminum (the so-called brachi' 
of the ant. corp. quad.). 

Below and behind the external corpus genicu] 
turn a small eminence, the internal corpi 
geniculatum. 

Both geniculate bodies are more marked in the di 
than in the sheep; the poaition of these bodi 
different in man; in man the backward projecti! 
the optic thalamus or pulvinar has the position hei 
occupied by the extamal geniculate body. 
Disappearing underneath the posterior edge > 
the internal corpus geniculatum will be seen 
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band of white fibres, the brachium of the pos- 
terior quadrigeminum. 

22. Note the anterior cerebral commlBSure, a 
small compact bundle of fibres running trans- 
versely in front of the anterior pillars of the 
fornix. 

Cut through the anterior pillars of the fornix to 
expose the commissure. 

2.3. The posterior cerebral commissure under- 
neath the pineal gland. 

24, Cut through the anterior and middle commis- 
surea and trace the cavity of the third ventricle 
into the infundibulum ; cut through the posterior 
commissure and the corpora quadrigemina and 
trace out the aqueduct of Sylvius. 

3. Parts of the brain seen in sections. 
1. Divide a brain in half by a longitudinal sec- 
tion carried carefully through the median line. 
Observe the relative positions of the atructurea 
visihle on the cut surface, noting 
The obliquely cut fibres in the decussation of 
the pyramids ; the transversely cut fibres of the 
ventral part of the pons ; the valve of Vieussena; 
the corpora quadrigemina; the aqueduct of Syl- 
vius; the posterior commissure, this will be con- 
tinuous with transversely cut fibres forming a 
layer in the anterior corpus quadrigeminum ; the 
pineal gland, a small piece of its peduncle running 
from it will be seen; the large middle commissure 
occupying a considerable portion of the third 
I.. 21 
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ventricle; the corpus collasum; tbe septi 
lucidum, deep anteriorly, between tte 
callosum and the fornix; the pia mater entering 
the transverse fissure, forming there the velum 
interpositum which lies underneath the fornix 
and over the optic thalami; the auterior pillar 
of the fornix curving downwards in the direction 
of the corpus albicans ; the anterior commissure 
a httle in front of the apparent termination of 
the anterior pillar of the fornix ; the posterior 
perforated space behind the corpus albicans ; the 
optic chiaama. 

2. Cut a transverse section of the mid-brain 
a little in front of the pons and through 
anterior corpora quadrigemina. Ohaerve 

a. Ventrally, and a Uttle removed from 
median hoe on each side, the cruata of the 
cerebral peduncle, it forms a slight project- 
ing oval mass of transversely cut fibres. 

b. A thin grey layer, the substantia nigra 
above the crusta, 

c. The central grey substance around the 
aqueduct of Sylvius. 

d. The tegmentum, between the substantia 
nigra and the central grey substance, ebe- 

. where it does not show distinct boundaries, 

3. Cut a brain through transversely carrying the 
cut a little in front of the corpus albicans and 

' The psFtB dcBcrllied in this and in the Bcicceeding Bmtiun are 
mucb better seea in a brain wbicb has bucn hardened in Ammoniam 
bichromate than in oao hBrdoned id alcohol. 
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across tlie Sylvian fissiire (cp. C. § 6). Note oa 

surface exposed 

a. The band of white substance, the Inner 

capsule, laterally of the optic thalamus. 
6. The bands of white substance, corona radl- 

ata, continuous with the inner capsule and 

spreading out into the convolutions of the 

cortex. 

c. The corpus callosum stretching between the 
coronte radiats of the two sides. 

d. The nucleus caudatus of the corpus stria- 
tum, a roundish grey mass, dorsal and lateral to 
the optic thalamus, and partially surrounded 
by the deep white band of the corona radiata; 
it may be very small in this section. 

e. The nucleus lentlculaiifl of the corpus stria- 
tum; this occupies a small triangular space 
just outside the inner capsule, and has a num- 
ber of fibres running transversely through it 
from the inner capsule ; on its lateral margin 
is a thin white band, the outer capsule. 

f. The anterior pillar of the fornix will also be 
Been cut across, near the ventral surface of 
the grey substance close to the third ventricle ; 
note also the position of the fornix. 



C. Convolutions and fissubes of the Dog's brain. 

1. Observe on the ventral, anterior surface of 
the brain the olfactory bulb (this may have 
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been cut off) continuous posteriorly witli the 
oU^ctoiy tract; pull this a little outwards, it 
is unconnected with the brain except posteriorly 
where it runs into the olfactory lobe. 

2. Behind the olfactory lobe is a somewhat pear^ 
shaped bulging, the lateral part of the uncinate 
lobe. 

3. Cut the brain in half through the median longi- 
tudinal fissure, press down the cerebellum and 
follow the course of the uncinate lobe in the 
posterior part of the cortex ; it curves round as 
a rather narrow band and then runs upwards to 
the end of the corpus callosum, it runs also a 
little forwards underneath the corpus callosum 
(cp. A. § 17). 

i. At the end of the corpus callosum it joins the J 
Bupra-calloBal conTolutlon which runs for*| 
wards above the corpus callosum. 

5. It will be seen that the above convolutions t 
B, nearly complete ring round the cortex, thq 
are all parts of the internal convolution e 
limbic lobe. 

C. Turning back now to the side of the brain, i 
the deep Sylvian flssure running upwards a 
backwards from about the apex of the ] 
the uncinate lobe here seen (cp. § 2) ; i 
this curves the first or Sylvian convolution. 

7. Curving dorsalty around this is the second obI 
inferior convolution. 



8. Dorsally again of this ia the third or median 
convolution having a longitudinal fissure in its 
posterior part. 

9. Between the third convolution and the median 
longitudinal fissure is the fourth or superior 
convolution. 

10. Looking at the median surface of the brain ex- 
posed by the cut made previously (§ 3), observe 
that the superior convolution stretches down to 
the supra- callosal convolution (cp. § 4). 

11. In the anterior part of the dorsal surface of 
the superior convolution, note the deep crucial 
fisBure running transversely and a little for- 
wards, follow it on the median surface of the 
brain ; it is seen to run into the fissure that lies 
above the supra-callosal convolution. 

12. The bend of the fourth convolution around the 
crucial fissure is the sigmoid gyrus, the part 
in front of it being the anterior limb, the part 
behind being the posterior limb. 

13. Anteriorly and posteriorly the four external 
convolutions join. 

The above general plan of the ■convolutions is in 
epecial cases modified to some extent by secondary 
fissures, and by fissures being absent in part of tJJeir 
normal course (thus the fissure between the lat and 
2nd convolution is not infrequently incomplete) so 
that the typical arrangement given above may not 
be obvious at first. 
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In front of the anterior joined ends of the ex- 
ternal convolutions is a deep fissure (the supra- 
orbital) ; the part of the brain in front of this is J 
called the aub-orbital lobe. I 

Cut away the first convolution and note the 
Burfaj:e of the cortex, Island of Keil, lying at 
the bottom of Sylvian fissure. 



D. Histology. 

1. Cut transverse sections of the spinal cord jui 
above the origin of the Ist cervical nerve, at thi 
beginning of the decussation of the pyramidi 
Note 

a. The anterior and posterior corona of th^ 
grey substance are partially separated froi 
one another by bundles of medullated fibre 
springing from the lateral columns and ex9 
tending some little distance in the grey suV 
stance towards the median line. 

b. Some oblique bundles of fibres will be si 
running through the grey matter on eith^ 
side and crossing in front (ventrally) of thi 
grey commissure, forming part of the decui 
sation of the pyramids. 

c. Medially of the anterior column will be » 
a thin band of transversely cut small fibres; 
these are the fibres which have already 
crossed, the beginnings of the anterior pyra- 
mid. ~ 
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The grey substance extending into GoU'a 
fasciculus of the posterior column, and into 
the fasciculus cuneatus. 

The appearances vary considerably in sect! 

at difierent parte of the decussation. 

2. Take a brain of a rabbit' hardened in ammonium 
bichromate and subsequently treated with al- 
cohol. Cut out a piece from the middlo of the 
dorsa! portion of one hemisphere, extending from 
the surface to the lateral ventricle, and prepare 
vertical sections (preferably with a freezing mi- 
crotome). Stain then with dilute carmine or 
picrocarmine, clear and mount in Canada balsam. 
Observe 

a. The inner layer of horizontal nerve fibres 
(meduUated) forming the white substance; 

' Tho troeh brain shauld be placed in ammaninm or potasnnm 
bichromate 2 p.c, the fold changed on the following da; (when the 
brsJii may be cat traiiBTeraely in four or five piFcesj und a(;ain in a 
week, thea left about three weeks. It ehoold then be cut up and the 
pieoea washed with water for a day and with dilute t^iril (first 3D p.o. 
then 50 p.c.) uatU all the excess of the ohiomium salt is taken out. 
The pieoes may be stained with strong Fre;'a carmina during a 
week or more, washed well with water, aoaked in gam and cut with a 
freezing microtome. 

Instead of a rabbit's brain the brain of a cat or dog ma; be taken ; 
ft solotiau of the chromium salt may advantageously be iujeoted into 
the basilar artery, but even then it is not easy to preaerre the natural 
form ot the cells of the Srd and 4th layers of the cortex; the structure 
of the cortei in the cat and dog differs alao at different points more 
than in the rabbit, the chief points of difference being the occurrence 
ot very large cells in gronpa or singly in the lower part of the third 
layer, and the variation in number and extent of the angular cells, 
which may spread into the third layer or may be inconspicuous. 
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(between the fibres a considerable number 
of leucocytes will be seen) ; Ironi this bundles 
of fibres at fairly regular intervals run out 
into the grey substance, usually ceasing to 
be distinct in the third layer (cp. a 

At the outer limit of this a layer of fudfor 
nerve cells lying amongst nerve fibres i 
forming the 5th layer of the grey subat 
of the cortex. 

Outside this, a layer of small cells of vario* 
shapes, cells with three or more obviom 
though small processes predominating (augoJ 
lar cells) ; these form the 4th layer of ) 
cortes. 

Outside (c) are large pyramidal cells, 
process from the apes of the cell tapering 
from it and often being traceable upwi 
for a considerable distance ; from the baae; 
three, four or more processes may be seen to 
proceed. The district of the large pyramidal 
cells forms the 3rd layer of the cortex ; it 
will be seen that it is much thicker than any 
of the rest, and that generally speaking its 
cells diminish in size from within outwi 
Small angular cells may be seen in ita deej 
part. 

Out-side the preceding layer is a thin layer 
with numerous small pyramidal cells, the 
peripheral process being usually distinct; 
this is the 2nd layer. ~ 



g Its 

'arda^^ 

epei^B 




f. Tlie Ist layer of the cortex, conBistiug of a 
fine network of fibrils showing a few veiy 
small cells. 



g. Blood vessels may be made out iu all por- 
tions of the cortex, they are usually most 
conspicuous in the outer layers of the cortex 
ruoning into it from the pia mater. 

Prepare sections of a lobule of cerebellum ex- 
tending from the surface to the inner white 
substance and at right angles to the direction of 
the folds. The hardening, staining, etc., are the 
same as for the cerebral cortex. Observe 

a. The inner strand of medullated nerve fibres 
spreading into 

6, The nuclear layer, formed mainly of small 
cells closely packed together; these cells 
have a very small amount of cell substance, 
so that probably their deeply stained nuclei 
only will be seen. 

C. A single layer of large somewhat globular 
cells (Purkinje's cells); each has a large peri- 
pheral process which will be seen to branch, 
and the branches to branch again and so 
on, eventually extending as fine branching 
fibrils nearly to the surface of the cortex ; 
close to the surface the fibrila become lost 
to view. Since the branches, especially the 
larger ones, run to some extent laterally, the 
processes firom neighbouring ceils will be 
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seen to cross one another. In a good speci- 
men a small process may be seen to run 
from the deep portion of the cells towards 
the nuclear layer. 

c2. The outer layer of the cortex contains, 
besides the fibres from the cells of Purkinje, 
some scattered small angular cells with rela- 
tively large nuclei; from these cells one or 
more small branching processes may be seen 
to proceed, the fibres and cells being imbedded 
in a close fibrillar network; in this layer 
numerous capillaries will be seen. 



LESSON XXXI. 

DISSECTION OF THE LARYNX. 

It is preferable to obtain a fresh larynx of a 
sheep or an ox from the butcher's; but the 
spirit-preserved larynx of the dog (Lesson I.) 
will serve. The larynx will probably be obtained 
■with the upper part of the cesophagiis attached, 
and surrounded by a mass of muscle and con- 
nective tissue. 

Having slit up the cesopbagua lengthways, turn 
back or cut away the sides and observe the 
opening into the larynx bounded in front by the 
epiglottis, at the sides by folds of the mucous 
membrane, and behind by the large converging 
yellow cresta of the arytenoid cartilages. On 
looking down into the larynx the opening be- 
tween the vocal cords, or lima glottldlt, may 
be Beeu at some depth below. Observe that the 
mucous membrane of the cesophagus is con- 
tinuous with that of the larynx. Bend down 
the epiglottis projecting from the front, upper, 
edge of the larynx, and note that the passage to 
the larynx is then quite closed. 
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From the poaterior surface carefully remove the 
ceaophagua with the pharyngeal muscles. From 
the sides dissect away the stemo-thyroid muscle 
(Lesaon i. p. 22), taking care not to injure the 
muscle lying underneath it (§ 3), and clear away 
the whole of the thyro-hyoid muscle which 
covers the side of the thyroid. The hyoid bone 
and thyro-hyoidean membrane may be left. 
The outlines of the thyroid will now come into J 
view, clear away the connective tissue until thc^fl 
are quite distinct Note that 1 

The th]rroid cartilage consists of two lateral 
laminae, which meet in front and diverge behind, 
and have their upper and lower posterior uigles 
prolonged, forming the upper and lower comuf 
Observe in front the rounded projection 
Adam's apple. 

Observe the crico-tIi;rold muscle spoken t 
above (§ S); dissect it away, noting its attach-.a 
menta. The cricoid cartilage will come intoT 
view, and it will be seen that the muscle in^ 
question passes from the poaterior comu and ' 
posterior portion of the lower margin of the 
thyroid, to the front part of the cricoid. Observe 
that below this muscle there is stretching be- ■ 
tween the two cartilages a membrane whi' 
limits the movements of the thyroid. 

Observe the articulations of the posterior comu] 
of the thyroid to the cricoid. Disarticulate o 
comu, cut through the crico-thyroid membrane. 
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and remove one half of the thyroid, taking care 
not to injure any of the muscles. Trace out 
with the finger the outlioea of the cricoid carti- 
lage. Note that 

It forms a complete ring, which in front is 
narrow, and is covered by the edge of the 
thyroid, but behind m deep and enclosed on 
either side by the thyroid. 



5. On the posterior surface of the cricoid note 
on each side of a central ridge two laminie of 
muscles, the posterior crlco-arytenolds ; cut 

through their attachment to the cricoid, and 
reflecting them from below upwards note that 
they are attached above to the external angles 
of two cartilages, the arytenoid cartllageB, 
placed on the posterior upper edge of the cricoid 
cartilage. 

6. Carefully clear away the tissue from the back of 
the arytenoid cartilages above the cricoid, and 
observe on the posterior surface of the former 
the arjrtenold muscle ; cutting it through the 
middle, which in the sheep is frequently ten- 
dinous, reflect it on either side ; it will be seen 
to be attached to the ba«k of each arytenoid 
cartilage ; the posterior surface of the arytenoid 
cartilage will now be laid bare, and its articula- 
tion with the cricoid cartilage can be made out. 

7. Looking at the larynx where the thyroid has 
been cut away, observe the lateral crlco- 
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arytenoid muscle. Cut away its attachment 
to the lateral portion of the upper margin of the 
cricoid, and, reflecting it, observe that it passes 
backwards and upwards from the cricoid to be 
inserted into the arytenoid cartilage just In front 
of the insertion of the poaterior crico-arytenoid* 

8. Gearing away the fat and connective 
from the side of the larynx, observe the tl^ro- 
arytenold muRcle stretching across from the 
thyroid in front to the arytenoid behind. Cut it 
through in the middle and reflect both ends. 
Note its origin from the angle of the thyroid and 
its insertion into the lateral surface of the 
arytenoid in front of the insertion of the lat( 
crico-aiytenoid. 

Remove the muscle altogether, and observe 
lateral surface of the arytenoid cartilage, 

9. Cut away on the same side the underlyi 
mucous membrane ; the interior of the I 
will now be laid open. On the opposite side t 
indistinct vocal cord will be seen passing as I 
pale band of tissue from the anterior angle < 
the arytenoid cartilage to the angle of 
thyroid. The inner or median surfaces of tiM 
ar3ftenoid cartilages will be seen to bound ) 
large oval space, called the respiratory space. 

10. Clear away on one side any muscle or connective 
tissue still attached to the arytenoid cartilage, 
and observe more fully its shape, noting par- 
ticularly the anterior projection or process 
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vocalis, the posterior lateral projection or pro- 
cessus muscularis, and the articulation with the 
cricoid 

11. Dissect from the inside the thyro-arytenoid 
muscle of the opposite side, and observe more 
carefully its attachments (§ 8). 

The lar3nix of the sheep diflfers materially from 
that of man, by the indistinctness of the vocal 
cords, by the absence of the false vocal cords and 
ventricles of the larynx, and by the peculiar 
crested conformation of the arytenoid cartilages. 



DEMONSTRATION. 

The use of the laryngoscope. 



LESSON XXXIL 

TISSUES OF REPRODUCTION. 

A. Ovary. 

1. Take an ovary of a mammal, e,g. cat, hardened 
in a mixture of equal parts of chromic acid '3 p.c. 
and 50 p.c. alcohol, and prepare longitudinal 
sections passing through the hilus. 
Observe first with a low and then with a high 
power 

a. The germinal epithelium, consisting of a 
single layer of short columnar cells covering 
the surface of the ovary except at the hilus. 

6. The connective tissue radiating from the 
hilus throughout the ovary to form the 
stroma; in this many blood vessels are 
seen; towards the periphery the fibrous 
tissue largely disappears (cp. § 2. a); immedi- 
ately underneath the epithelium the stroma 
forms a denser layer, the tunica albuginea. 

c. Small Graafian follicles forming a zone 
a short distance below the germinal epi- 
thelium. 
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d. Deeper (older) Graafian follicles of various 
sizes scattered throughout the rest of the 
stroma, in each of these there is a more 
or leaa considerable clear space. 

e. One or more corpora lutea (unless the 
ovary has been taken from a young animal). 
The corpora lutea vary greatly in size and 
appearance according to their age, they 
consist of radiating bands of stroma, between 
'which are a number of granular polygonal 
cells; if the corpus luteum is young there 
■will be pigment (from effused blood) in its 
centre. 

Observe with a high power 

a. The peripheral parts of the stroma consist 
chiefly of elongated spindle-shaped cells. 

b. The small Graafian follicles. Note in these 
o. The ovum, large and spherical, within 

it lies a comparatively large spherical 
nucleus, the germinal vesicle, in 
which may be seen a nucleolus, the 
germinal spot. 
/?. The membrana granulosa, a layer of 
flattened epithelium cells immediately 
surrounding the ovum. 
7. The thin membrana propria enclosing 
the membrana granulosa. 
In the smallest Graafian follicles the membrana 
propria will not be seen, in the larger ones the 
22 
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cells of the membrana granulosa becoma cubical 
or short columnar and the orum has a membraoe, 
the zona pellucida, J 

c. The large Graafian follicles. Note in thesa M 

a. The stroma investment of the follicles, 
consisting chiefly of spindle-shaped celb, 
partly of fine fibrous tissue; inside this 
is the membrana propria. 

/9. The membrana granulosa, several cells 
deep, those next the membrana propria 
being short columnar cells, the rest 
flattened polyhedral cells. 

7. The central space of the folKcle. 

£. The cumulus proUgenu projecting 
into the space ; it consists of a mass of 
cells much like those of the membmoa 
granulosa and continuous with them, 
and it encloses 

e. The ovum, like the ovum of the small 
Graafian follicles but with all its parts 
larger and its cell-substance (beginning 
vitellus) more granular; it has further 
a distinct investing membrane which in 
some is much thickened so as to form a 
zona pellucida; &om this the cell- 
substance frequently shrinks in the 
process of hardening. The cells of the 
cumulus which lie next the zona pel- 
lucida are frequently arranged in a 
radiating manner. 
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Probably most of the stages between the small- 
est and the largest follicles will be seen in the 
specimen. 

d. Granular polyhedral cells in the stroma some- 
thing like those that ocour in the interstitial 
tissue of the testis. 

e. In Gome of the sections taken near the hilus 
there ma; be seen lying in the stroma groups 
of tubules, lined with a short cubical or 
flattened epithelium, and cut at various angles. 
These are the tubules of ih^ parovarium. 

Take the fresh ovary of a sheep or large dog ; 
observe the bulgings due to the more or less 
ripe Graafian follicles. Holding the ovary over 
a glass slide, carefully prick the most prominent 
follicle and receive the contents on a glass slide. 
Examine without a ccwer slip, with simple lens 
or low objective. If the ovum is present it will 
at once be recognized. When one is obtained 
carefiiUy cover with a cover slip, inserting a ring 
of paper in order to avoid pressure, and examine 
with a high power. Observe 

a. The thick zona pellucida, with double contour 
(and radiating striation). 

b. The granular cell-substance (vitellus). 

c The transparent germinal vesicle, with its 
germinal spot. If the follicle be quite ripe 
these may have disappeared. 

d. The cells of the cumulus proligerus attached 
all round the zona pellucida. 

22—2 



^^^^^'VtO' ELEUENTABY PHYSIOLOGY. f^H^^^H 

I B. Uterus. ^^H 

1. Prepare transverse sections of the fundus of »^^B 
mammalian uterua which has been hardened in 
the chromic acid and spirit mixture. The uterus 
may have been either distended with the fluid,„ 
or pinned out and placed in it. Observe 
a. The thin external fibrous coat. 



The thin outer muscular coat of two layer 
an outer longitudinal and an inner circulai 
Inside this and separated from it by a littli 
connective tissue is 

The thick inner muscular coat of 
layers, the outer longitudinal or oblique, i 
inner circular. 
The mucous membrane, coMiating of i 
loose connective tissue into which run tubi 
lar glands from the surface ; the glands i 
lined by a single layer of columnar ciliata 
cells. The surface of the mucous membra 
is covered by similar columnnr ciliated c 
with some mucous cells. 



Testis. 

Take a small mammalian testis, e.y. of a guini 
pig, which has been hardened in Muller's f 
and cut longitudinal sections through the t 
and bead of the epididymis. Observe urn 
a low power 
a. The tunica raglnaUs propria, which i 
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round the greater part of the testis firmly 
counected with the underlying tissue, and 
ia hence called the tunica adnata. It sepa- 
rates from the testis near the epididymis. 

b. The tunica albuglnea, the thick invest- 
ment proper of the testis ; near the epididy- 
mis it Is very much thickened, forming the 
corpus Hlghmori; from this radiate bands 
of connective tissue towards the rest of the 
albuginea, forming imperfect septa which 
divide the testis into lobules. 

c. The tubull Bemlnifeil, contorted aad ana- 
stomosing tubes occupying the lobular spaces; 
near the corpus Highmori the tubes unite, 
and the tubes so formed, the vasa recta, 
have a short, tolerably straight course; in 
the corpus Highmori they anastomose with 
one another, forming the rete teitLa ; from 
the outer edge of this may be seen some 
larger tubes, the vasa effereutia, which 
originate from the rete and after coiling in 
the coni vasculosi join to form the canal 
of the epldidymli. 

Observe under a high power 

a. The fine connective tissue of the tunica 
adnata, indications of the fiattened epithelium 
covering it will be seen, 

b. The coarser connective tissue of the tunica 
albuginea, corpus Highmori and septa, con- 
taining numerous blood-vessels. 
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c. The bands and lamellse of fine connective 
tiasue running from the septa between the 
tubuti seminiferi, 1 

d. Polyhedral granular cells scattered about m^ 
the tissue between the tubuli seminiferi. 
These are yery numerous in some animals, 
and to see them in number, a section of the 
lobular part of the testis of a pig should] 
be cut. 

e. The tabuli seminiferi. In these note 

a. The membrana propria; in some animal 
this is thick and is formed of severs 
layers of flattened cells. 

/3. Tubes lined by cells lying three or foe 
deep and arranged as an inner singla 
layer of short columnar and datteaec 
polyhedral celts, and an outer layer i 
Jess regular cells two to three dee 
Amongst the cells much larger oael 
may sometimes be seen. 

ly. Tubes like the above but with the out- 
lines of the cells bordering the lumen 
less distinct and with bundles of sper-. 
matozoa imbedded amongst them, 
different tubes the spermatozoa are i 
different stages of development ; in i 
cases their heads (more deeply stainedjl 
are in the peripheral parts of the tulx 
and their tails directed to the lumen. 
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f. The vasa recta; the tubes have a single 
layer of cubical or flattened cells. 

g. The rete testis ; the membrana propria of the 
tubes disappears, the epithelium is rather 
more flattened than in the vasa recta. 

h. The vasa efferentia and canal of the epi- 
didymis ; 

a. The external fibrous coat. 
jS. Inside this a coat of circularly arranged 

unstriated muscle. 
7. The epithelium consisting of columnar 
ciliated cells with some small cells 
between or outside their peripheral 
ends near the basement membrane. In 
the canal of the epididymis the ciliated 
columnar cells are long and slender. 
Masses of spermatozoa may sometimes 
be seen in the lumina of the tubes. 

Cut a transverse section of the vas deferens and 

compare with the sections of the canal of the 

epididymis. 

a. The wall is very much thicker, this being 
chiefly due to a great increase in the muscular 
coat; there is a longitudinal muscular coat 
outside the circular coat. 

h. The epithelium consists of non-ciliated colum- 
nar cells with one or more layers of small 
peripheral cells ; between the cells and the 
muscular coat is a layer of fine connective 
tissue (mucous coat). 
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4. Tease out in dilute glycerine a fragment of a 
testis which has been placed in osmic acid '5 p.c. 
for a day and observe the cells and developing 
spermatozoa of the tubuli seminiferi. 

5. Cut in half the fresh testis of a rat, and gently 
press the cut surface on a glass slide. Observe 
the spermatozoa, each consisting of 

a. An ovoid head or body. 

6. A long tapering tail or process. 

c. A short intermediate part. 

Note that the spermatozoa move by a whip-like 
movement of their tails. 

6. Observe in like manner the spermatozoa of a 
newt. The head is long and pointed, the inter- 
mediate part small and not very distinct ; from 
the intermediate part starts a filament which 
runs in a spiral around the long tail; the filament 
is in reality the edge of a thin spiral membrane, 
but this is difficult to make out. 
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Description op Instedments used in Lessos ix. 

da Bois Beymoud's Key. This is shewn at C, 
Fig. 1. (Seo end of Appendix.) Note the arrange- 
ment of t!ie wires; when the key is closed the current 
passes across the key and an infinitesimal part only 
I passes by the electrodes through the alternative 

circuit ; in the t«st tins is called ' arrangement of 
! key for short-circuiting the current.' If two wires 

, only are connected with the key, one on either side, 

I the current cannot pass when the key is open, but 

can when the key ie closed; in the t«xt this is 
called ' arrangement of key to break the current.' 
Morse Key. This is shewn at F, Fig. 1. The con- 
necting wires of a Morse key are hidden by the 
I framework The following diagram (Fig. 2) will 

i shew the way in which they are usually arranged. 

It is obvious that with wires arranged as at F, Fig. 1, 
the current can pass from a to 6, except when the 
end X of the lever is pressed down (cp. Fig. 2), then 
the circuit is broken ; if the wires are connected with 
b and c, the current cannot paas until the end x of 



the lever is put down (arrangement of key to break I 




the current) ; lost! j, if the wires Erora the battery u 
connected with a and h respectively, and the ^ 
of the electrodes with a and c respectively, then t 
current passes across the key until the end x 
lever is preseed down when the current is throwaB 
into the electrodes {arrangement of key for short 
circuiting the current) 



da Bois Eeymond's Induction Machine. This is 

shewn at D, Fig. 1. The screws at the tep of the 
machine are connected with the ends of the wire ^ 
forming the primary coil; consequently, when the b 
teiy wires are connected with these acrewa, each bre 
and each make of the circuit produces &u i: 
current in the secondary coil ; the make and bre 
can be most simply effected by means of i 
placed in the primary circuit and arranged to bre 
tho current (cp. above) ; in the text this is called tJ 
arrangement for single induction shocks. 

When the wires from the battery are connected v 
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the screws of the two pillars at the front end of the 
machine, cp. Fig. 3, then the current of the primary 
circuit ia rapidly made and broken, and a ooire- 
eponding number of induction shocks produced in the 
secondary coil. The method in which the primary 
current is made and broken will be easily understood 
from the figure. When the current ia passing in the 
primary coil, (6) ia in contact with (c), bat since the 




current also passes round the coil (m) the soft iron 
core of this coil becomes magnetized, and conse- 
quently attracts the plate (e); as this goes down the 
contact of (b) and (c) is broken, hence the current 
cesses to psAS in the primary coi), the core of (m) 
is no longer magnetized, the plate (e) flies up, 
(i) oomea again in contact with (<;) and the cycle 



I 




of events starts again ; in the text this is called tiia 1 

ammgemeut for the interrupted current 

Maist Chamber. 

One form of moist chamber is shewn at A, Fig. 1. In 
arranging a nerve-muscle preparation in it the femur 
(/) is clamped {cl), a hook is passed through the 
lower tendon of the muscle, the hook is connected 
■with another hook fastened to the lever, and the 
lever by means of its screw is shifted up or down 
to bring it in a horizontal position. Moist blotting- 
paper should be placed on the floor of the chamber, 
further the nerve should be covered with blotting- ' 
paper moistened with normal salt solution. 

The nerve is placed across electrodes such as those ] 
shewn in Fig. 4, 




Non-polarizable electrodes. 

One form of these is given ia Fig. 5 ; the pointed end | 
(cA. c) of the glass tube is filled with china clay I 
worked into a stiff mass with normal salt solatioD f - 



a little saturated Bolution of zinc sulphate (s. s) is 
poured with a fine pipett« into tube above tlie plug 
of day; into the zinc sulphate solution dips the 
thoroughly amalgamated end of a thiu rod of zinc. 




Fio. 5. 

Oscillating rod. 

This is a thin band of steel about 9 inches long and 
f in. wide ; at one end at right angles to the band 
is fixed a pointer one to two inches long. The band 
can be fixed at any part of its length by a wide 
brass clamp ; connected with the clamp is a binding 
screw. A cup containing mercury is placed under- 
neath the poiuter and the clamp is arranged on the 
stand at such a height that when the band descends 
in oscillation, the pointer dips a millimetre or so into 
the mercury ; it is well to cover the mercury with a 
thin layer of alcohol. A piece of main-spring bent 
at one end will serve the purpose of the steel band. 



Lever for the Frog's Heart. 

The lever used is like that given at (i) Fig. 1, but 
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a tbin vertical needle is attached to it at the plaoe 
where the weight hangs ia the Figure, at the end o£ 
the needle is fixed a small piece of cork which reata 
on the ventricle, the frog lyiug on a stt^e below tha 



Time Marker. 

The two ends {lo, w') of the wire wound round tha 
bobbins (6, 6') are coonected with the binding screws 
{ac, sc'). In using the instrument one binding screw 
ia connected with one of the poles of a galvanic 
battery, the other binding acrew with a clock or 
metronome from which runs a wire to the other pole 
of the battery. The clock or metronome ia arranged 
so that it makes and breaks the circuit at regular 
intervals. When the circuit ia made the current 
passes round the bobbins, the soft core of the bobbins 
becomes magnetized and the lever (I) ia drawn down ; 
when the circuit ia broken the lever is drawn away 
from the bobbins by the spring (sp). At the end of 
the lever is fixed a stifi' bristle (to write on smoked 
paper) or a Email bent glass tube filled with magenta 
dinaolved in dilute glycerine (to write on glazed 
paper). 




NOTEa ON THE USE OF THE MiCBOSCOFE. 

See that the tube of the microscope moves easUf, but 
sot too easily, up and down. It uLould occasion- 
ally bo rubbed round with a little olive-oil, and 
the oil then wiped off with a dry cloth. 

With a piece of soft chamois leather or siik, remove 
any dust that may be on the lenses of the eyespiece 
or on the lower lens of the objective. If by accident 
the objective has been smeared with glycerine, 
stream it with water from a wash-bottle, and wipe it 
dry with chamois leather ; if with Canada balsam, 
place on it a drop of chloroform or strong spirit, and 
rub gently, repeating till the balitam is quite re- 
moved : this must be done very cautiously, since the 
lenses are sometimes fixed in with Canada balsam, 

^11 unneeeasary rubbing of lenses however should be 
avoided; hence take care to put them away after 
they have been used. 

It is advisable for the student not to unscrew the 
separate lenses of a high objective ; when however 
the dimness of an object under observation renders 
it necessary to do so, care must be taken not to 
remove the black coating on the inside of the tube 
in cleaning the lenses, and when cleaned to restore 
them, in proper order, to their previous positions. 

P With a low power (cp. foot-note, p. 35), twist down 
tlie microscope-tube till it is rather less than a 
quarter of on inch from the object ; then looking 
through the eyo-piecc, twist tLe tube uptoards till 
the specimen is in focus. 
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With a tigli power, lower the tube till it is 
an inch from the object, and then slowly 
the tube down, moving the slide about, till 
object just becomes visible, then focus hj meoDS of! 
the line adjustment. 

Direct sunlight should not be used to illuminata tlM 
field ; in selecting a permaaeat position to work with 
the microscope, it is best to face the north. 

With high powers, use the corresponding small dia- 
phragm ; otherwise although the iield may look 
brighter, the outlines of the cells, etc, will not be so 
well deiined. 

The student should accustom himself to keep both eyes 
open when using the microscope, and to use eil/iN- the 
right or the left eye for looking at specimens. The 
fatigue of microscope work is thus very much lessened. 
It goiiurally requires a little practice to keep both eyes 
open, but ft few minutes' trial every time that the 
microscope is used will soon overcome the difficulty. 

When an object appears dim, it may be caused by some 
fault in the specimen itself, or by the object-glass 
not being cleun. In the latter case the dimness 
remains, whether the object is in focus or not. Dust 
upon the lenses of the eye-piece can be recognized 
by the outlines of the particles appearing well d^ 
fined, not dim and diffuse. 

Zeiss' camera Incida. 

TJie ring (r) Fig, 7, is slipped over the tube of the micro- 
scope ((), and the ocular (o) inserted ; the object to be 
drawn is focussed, and the prisms are brought over 
the ocular in the position shewn in Fig. 7. {The 
upper part of tlie figure repre«entB a side 



I 
I 



lower, Bk view from above, of the camera arranged for 
uae). The edge (a) of the prism of the side A at the 
camera covering haJf of tlie upper lens of the ocular. 




F.O. 7. 
In front of the microscope, the drawing-board is placed 
at an angle of 15 — 20° with the surface of the table. 
On looking down the microscope both the object and 
the drawing-board are seen. The illumination of 
the drawing-board and of the field of the microscope 



) that the point of a peii<al^^^| 
distinctly Been. "^^H 



should be about equal, i 
on the drawing surface i 

Heasurement of the size of microscopic objects. 

Tiie method of doing thia which has heen given in 
the text (p. 37, § 3) involves making a drawing of the 
object ; when this is not done the size of the object 
may be meaaured by means of an ocular tidcrometer. 
7hiii is a Sat piece of glass on which a scale is 
scratched (e.g. 5 mm. divided into ten parts, the actual 
distances of the lines are however not important), 
this is dropped into the ocular ao that it resta on & 
ledge placed on a level with the focus of the upper 
lens of the eye-piece. With this scale in the ey©-, 
piece the stage micrometer (cp. p. 37, § 3) i 
served, and the number of divisions of the 
micrometer which correspond to one division, > 
ocular micrometer noted. Say that one division 
the one exactly covers one division of the 
thea if (as is usually the case) one division of 
stage micrometer is ^-^ mm. one division of 
ocular micrometer, with the objective, ocular 
length of draw-tube used, corresponds to -j^ 
the field of the microscope. Hence any object seen 
with this arrangement of the microscope can be at 
once measured by the ocular micrometer, an object, 
which exactly occupies say 5 divisions meaaurea t] 
that direction exactly -^^ mm. 
If another ocular or objective be used, or if the tube 
drawn out, the divisions of the ocular micrometeKJ 
will obviously correspond to a different number 
divisions of the stage micrometer, so that the value 
of the divisions of the ocular micrometer must be 
detennioed for each arrangement of the nucroscope. 




at 

1 




APPENBIX. 

Supposing tlie value of the divisions of the ocular 
micrometer are known witJi any given arrangement 
of the microscope, then the magnification of any 
object drawn can easily ba measured; suppose for 
example that the drawing measures 5 mm. and the 
object itself with the given arrangement of the 
microscope occupies 5 divisions of the ocular micro- 
meter, the value of each division being -jj^ i 
then in the drawing the object is 
5 -^TnTr= 100 times. 



The magTlifying power of a microscope w 

given ocular, objective, and length of draw-tube, is 
usually taken as the amount of magniiication when 
the image of the object is seen at a distance of 
25 centimetres (10 inches) from the eye. To de- 
termine this, the stage micrometer lines are drawn 
at this distance and the distance between these 
lines is measured ; thus if one division of the stage 
micrometer equal ^-^ mm., and the drawing of this 
measures exactly 1 milUmetre, then the magnifying 
power is 100. In order to compare the tables given 
by different instrument makers of the magnifying 
powers of their microscopes, it is necessary to know 
the method used in determining it; in aU cases when 
&n object ia drawn its magnification should be 
determined by the method given above or by that 
given in the text. 



Ubservatioh of Fresh Tissues. 

Sections of fresh tissues may be made with the aid 
of a freezing microtome (cp. p. 368j ; if, however, 
■pecimans cim be prepared without freczijig, it is 
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letter to do bo. Such 

prepared in various ways. 

A few parts of the body, e.g. the kidney, are sufficiently 

thin to allow sections to be cut free-hand with a 

razor ; one section should be mounted without adding 




nny fluid, another L 
should be teased out l 



normal solution, and i 
normal solution. 



third 



With structures too yielding to cut sections, e.g. the 
-villi of the small intestine, a piece may be snipped 
off with scissors; in the same way a good Bpecimen 
may often be obtained from the edge of a lobule of 
a gland : in some cases, e.g. the coat of an artery, a 
strip may be torn off with forceps; and in the case 
of membranous structures, a piece may be pinned 
out over a hole in a stage, the gastric glands and 
pancreas of Bome animals for example may be thai \ 
obaerved. 

The knowledge gained by the examination of f 
specimena is essential to thoroughly understanding ] 
the appearances pivsented by the tissue after the J 
action of reagents. 

There are certain £uids which, when fresh, cause 'verfM 
slight changes in the tissues ; they more or 1 
resemble the fluids with which the tissues iu dte^ 
body are surrounded. 
These normal fluidB are 

a. The aqueous humour of the eye. 
6. Blood-serum. 

If, then, a fresh tissue is to be observed from e.& » J 
rabbit, the comete should be punctured to obtain the 1 
aqueous humour, or the blood should be allowed t 




clot in a vessel, to obtain the serum. In one of 
these fluids the tissue should be mounted. 
c Norma! saline solution. 
This is prepared by dissolving 6 grm. of sodium 
chloride (pure if obtainable) in 1000 c.c, of distilled 
water. This is for some tissues rather better than 
the '75 p.c. Bolution which is often used, but in 
many cases there is nothing to choose between the 
two solutions. 

d. Iodized serum. 
Iodine is sometimes added to serum to preserve it, bo 
that it may he at hand wlien required ; serum thus 
iodized is, however, far less a 'normal' fluid than 
the others. It may be prepared by dropping a few 
crystals of iodine into fresh serum, and shaking 
occasionally. The fluid should be of a light brown 
colour. Instead of serum the amniotic fluid of the- 
cow may be taken. 

Teasing. 

Be careful to take a gmaU piece only : it should be 
viewed with a low power before teasing, to ascertiun 
the general relation of the parts, and hence to guide 
the teasing ; thus, if it consists of parallel fibres, 
with one needle fix the piece at one comer and draw 
the other needle through it in the direction of the 
fibres ; in teasing out to shew special objects, e.g. 
ganglion-cells, the arrangement of the parts should 
be pa/rticularly noticed under a low power, and such 
pieces as do not contain the parts required should 
be thrown away. 

In teasing, it is important to place the slide on an 
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appropriate ground ; if the object ia white or grayyfl 
the glide should be placed on & piece of black paper; 
if it iB dark, on a piece of white paper. Stainedil 
sections should also be teased out ugaiuEt a white 1 
or grey ground. 

DiBSOCIATINO FLUIDa, 

These are fluids which, vrhilst preserving cerbun parts 
of a tissue, dissolve or partially dissolve others, 
principaliy the cementing or ground substances, bo 
that the former can be isolated by teasing or shaking. 
As a rule the piece of tissue so treated should be 
not more than one to two mm. square. 
Weak iodized sentm of a light brown colour is in most fl 
cases the best. As the tissue absorbs the iodine 
little strongly iodiied serum should be added ; 
the fluid renewed. The tissue may often be teased J 
out after one day; but a longer time may be neces-^ 

Oamie acid, ■! to 1 p.c.is a dissociating fluid of general 1 
application ; it has the advantage of altering the 1 
normal appearances in most cases very slightly, 
swells up some nuclei, and also the axis cylinders of I 
nerves. f 

Dilute alcohol (30 to 35 p,c.) is also good for many J 
tissues. 

The following agents are also used, the tissues for I 
which they are most recommended are put in brack* i 
ets; baryta water (fibrillre of white fibrous tissue); ^ 
5 p.c. neutral ammomum chromate (mucous glands); 
'02 p.c. potassium bichromate (muscle and nervfr- 
cells); '02 p.c. chromic acid (nerve-cells of spinal 
cord); MuUer's fluid (olfactory cells); 5 p.o. chloral 



hydrate (serouB glands). As a rule it ia best to 
tease out the tissues in the fluid in which, they 
have been placed, they may also be teased ia water 
or in dilute glycerine ; if mounted in water they may 
be temporarily preserved by heating the end of a 
small wax taper in a flame, and with the wick smear- 
ing the wax round the cover-slip. 

HAitDBsmo AasKTs. 
General Directions. 

The tissues should be removed from the body to the 
hardening agent as soon as possible after the death 
of the animal. 

Any blood which may be on the piece of tissue should 
be removed by shaking gently in salt solution or by 
placing on blotting-paper. 

Divide the tissue {with a razor or sharp scalpel) into 
small pieces before placing in the hardening fluid. 
As a rule the pieces should not be more than 3 to 
4 mm. square. Since the brain is too soft to allow 
it to be easily cut up without injury in the fresh 
state, it is generally placed whole in the hardening 
fluid, but in this way the deeper parts of the cortex 
are in large brains rarely well preserved (cp. foot-note, 
p. 327). 

In hU cases where a tissue is put in a fluid to harden 
or Iiave lime-salts extracted from it, the fluid in 
which it is placed should be relatively abundant, 
e.g. 15 to 20 times the volume of the tissue; it 
should be renewed aft«r a time varying from 12 to 
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Wben the tissue ia well harttoned, the hardening agent 
should be extracted from it by placing it in alcohol, 
first dilute 30 p-c. to 50 p.c then stronger 60 p.c. to 
75 p.c. ; it should then be preserved in 70 to 95 p^c. 
alcohol. 

Since chromic acid, potasaium bichromate, etc., are 
precipitated bj alcohol in the light, tissues hardened 
in these reagents, after being washed with water and 
placed in alcohol, should be kept in the dark, until 
required for cutting, or until the alcohol, frequently 
renewed, no longer becomes yellow. Many tissues 
when well hardened may be left a day or more in 
water without injury before placing in dilute alcohol. 
Tissues hardened in picric acid are best placed an 
hour or two only in the dilute alcoholic solutions, 
and then transferred to 70 to 95 p.c. alcohol, which 
muy he renewed as ofttiu aa it becomes coloured. 

The tissues should be placed in a flat short bottle to 
harden, rather than in a narrow high one ; they should 
be kept eool during the first day or two, after this it _ 
is of less importaace, though usually advantageous. ^1 

Preparation of Solutions. 

It is generally advisable to make of any given sub- 
stance a solution of the maximum strength likely to 
bo required, and to dilute this when weaker solu- 
tions are needed. If the stronger solution contains 
X p.c. of the substance and it is required to make 

a weaker solution of y p.c., add — 1 c.c. of water 

y 
to each ac of the stronger solution. 

It is rather better to use distilled water in making up 
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the Bolutiona, but in most cases this is not of much 
importauoe. 

Chromic acid. Dissolve 5 grms. in a. litre of water, 
from this the '3 and '2 p.c. aolutions which are more 
frequentljr used can. readily be prepared. 

A. little chromic acid may often be added with advan- 
tage to potassium bichromate and ammonium bichro- 
mate solutions ; it may alao be used mixed in various 
proportions with picric acid. 

Chromic acid hardens the tissues by an action analo- 
gous to tanning ; but renders them, if they are left 
in it too long, brittle and friable. 

Chroniic acid and spirit. MIk two parts of chromic 

acid J p.c. witli 1 part of methylated spirit (Klein), 
or 
Mis equal parts of ohromia acid '3 p.c and alcohol 



These solutions may require to be filtered before they 
are used, they should be kept in the dark. It La 
better to make thera when required. 

ErlicM's fluid. Dissolve 2-5 grms. of potassium 
bichromate and -5 grm. cupric sulphate in 100 c.o. 
water. This is sometimes useful when a quicker 
hardening agent than the chromium compounds 
alone is required ; after two days the fluid with the 
tissue may be kept at about 10" C. to increase the 
rate of hardening. 

Extraction of salts from bone. 

The bone should be divided into small pieces and 



placed in a large quantity of chromic acid '1 p.c. 
ia well to shake gently occasionally, in order to bring ' 
fresh acid in contact with the bone. The fluid Bhoold 
be renewed in 24 hours, and changed for -25 p.c. acid 
in about two days. After a week a solution of 
■5 p.c, may be used. This also may with advantage 
be changed once or twice. The decalcification of 
fully developed bone will take about a fortnight, but 
a preliminary section should be made from one end 
with a blunt razor or scalpel to see that all salts are ] 
extracted. 

To hasten the solution of the salts, 1 c.c. oE nitric acid 
may be added to each 100 c.c. of the chromic acid 
solution, but this should only be nsed when the 
tissue has been for 2 to 3 days in the dilut« chro 
acid ; as soon as the salts are dissolved the tissue | 
should be tranafen^ed to alcohol 

Instead of chromic acid, picric a«id (either Kleinen- 
berg'a or a saturated aqueous solution) may be used, 
or the tisane may be placed in strong spirit for a 
day or two and the salts then extracted with nitric 
acid 1 to 4 p, c. J as soon as this is complete the tissue 
should be replaced in spirit. A. mixture of nitrio 
acid 1 to 3 p.c. and strong spirit is often useful to 
complete the solution of salts in tissues wtich have 
been hardened in chromic acid but from which the 
salts have been only partially extracted. 

MlUler's fltlid. Dissolve 25 grms. of potassium bir 1 
chromate and 10 grms. of sodium sulphate in 1000 J 
C.C. of water. 

PicnC odd. Moke a cold saturated solution of picrio I 







wjid, Bnd to 100 e.c. of this add 2 c.c. of concentrated 
Bulphuric acid; filter, and to the filtrate add SOO cc. 
of distilled water (Kleinenberg). 

Tissues should bo left in thb for a comparatively short 
time, varying from three hours to a few days; the 
hardening may be completed irith alcohoL If the 
tissue contains earthy salts to he extracted, nitric 
acid should be substituted for sulphuric acid. 

A simple concentrated aqueous solution is also fre- 
quently useful. 

Osmic acid. A 1 p.c. solution of this is most useful. 
To avoid reduction of the osmic acid care should he 
taken to obtain water free from organic matter. 
The acid is obtained in tubes containing ono grm. 
each, tho tube should he well washed and then broken 
in a bottle containing 100 C.C. of distilled water and 
shaken occasionally ; it takes some little time to 
dissolve completely. The bottle should have been 
previously well washed with sodium hydrate, sul- 
phuric acid and water. If a, solution is required to 
be made at once, the tube with the osmic acid may ba 
ground up in a mortar with a little water, but some 
care is required to do this without suffering from the 
hurtful vapour. If the solution begins to turn brown, 
the bottle should he covered with black paper and 
kept in the dark; this however should not be necessary. 
Osmic acid does not peneti^te well, so that a small 
piece only of the tissue should be taken; the tissue 
may be left in the osmic acid any time from hajf-an- 
hour to a day, in the latter case a '5 p. c. solution should 
be used. Many tissues are hardened sufficiently by 
a stay of 12 te 24 houra in osmic acid to allow of 




Bections being at once cut ; if they are to be imbedded ' 
they should be washed with water and placed for tt 
quarter of an hour or more in 30 p.a, 50 p.c. and 
70 p-c. alcohol When the tissues are to be kept 
BOme time before cutting, they should be tceU washed 
with water and then treated with alcohol as chromic 
acid specimeits are treated; of course if the tissue 
has not been sufficiently hardened by the osmic acid, 
its stay in dilute alcohol must be short. The tissues 
become very much darker on staying in alcohol ; it ii 
not advisable to leave them long in this fluid before ' | 
sections are made. In osmic acid specimena 1 
nuclei are generally spherical and indistinct althou^ i 
the nucleoli are not infrequently obvious. TTw 1 
longer a tissrie is left in osmic acid, the less eaaily J 
does it stain with carmine and other reagents. 



Osmic acid specimens which it is desired to praaerr? 1 
should be mounted in dilute glycerine or in a cott- , 
centrated aqueous solution of acetate of potash ; they a 
may, though with less satisfactory results, be clearediH 
and mounted in Canada baham. 



Alcohol. 

Alcohol, besides its general use of completing 1 
hardening begun by other fluids, 
alone. It coagulates the albumin i 
thus renders them more opaque. 

It is generally beat to place the piece of tissue for 1 
half-an-hour to an hour in 75 p.c. alcohol, and 
then to remove it to strong spirit (90 to 95 p.e.) 
in some cases it is advantageous aft«r the tissue 
has been half-an-hour in strong spirit to transfer 
it to absolute alcohol. Absolute alcohol whaa 



used alone usually causes more or less shrinking and 
distortion of the outer parte of the tissue ; in such 
case the inner part only should be taken in pre- 
paring sections. 



Take a miall piece of tissue only to imbed ; of course 
this cannot he done in many cases, where it is 
desired to make out the general relation of the parts 
of an organ ; it is moreover of comparatively little 
importance when the sections are to be cut with 
a microtome. 

Before imbedding (cp. p. 68) press the piece of tissue 
very gently between blotting-paper, to remove as 
much OS possible of the fluid in which it has been 
placed. The fluid, if not removed, cools the imbed- 
ding mixture immediately round the tissue, and not 
mixing with it prevents the due adliesion between 
the mixture and the tissue : with spirit specimens 
the excess of fluid should not be removed till the 
imbedding substance, etc., is ready, since the spirit 
rapidly evaporates, and the tissue may become dry. 

The imbedding substance should be heated as little as 
possible above its melting point. To keep it at a 
constant temperature, a water-bath heat«d by a 
small gas jet with a regulator may with advantage 
be used. 
Kffliep the tissue is moved about by means of a heated 
needle, to place it in position ia the embedding 
Bubatance or to remove air-bubbles, bring down the 
temperature of the needle to that of tlie substance 
by moving the needle about in it before touching 
the tissue. 
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The Bubstance in 'which different tissues should 
imbedded varies 'with the consistency of the tisaue. 
As i rule the imbedding substance should be of 
about the same degree of hardness as the tissue. 
Loose tissues, or tissues with cavities, should before 
imbedding be treated in the manner given on p. 215. 

A stilt simpler method of imbedding than that given 
on p. 68 is to tako a block of paratHn B, to heat a 
stout 'wire over a Bunaen flame and with it to melt 
the central portion of one end of the parafSn block, 
in this the tissue is placed, it is turned into the 
proper position and the bubbles are removed by 
means of the warmed 'wire; since 
easily made ao hot that it 'would injure the tissue^, 
it should be brought into contact with the tisai 
as little as possible. This method should only 
used for dense tissues. 

The paraffin ' blocks ' can be made by taking a tube 
(e.g. of copper) about a foot long and fitted witli 
a piston, the inside of this ia oiled a little and 
the melted imbedding mixture poured into it; 
it is placed under a tap to solidify the mixture, the 
column of substance is then pushed out and cut 
into lengths about an inch and a half long. 

The time the tissue should stay in the various agents 
given on p. 215, varies with its density. With tissuea 
treated in this manner the following method of im- 
bedding will be found better than those previously 
givea Two L-shaped pieces of lead with aides about 
half an inch high are placed on a glass slide ao that the 
long limb of each ia in contact 'with the short limb of 
the other; the enclosed space is about three-fourths 
filled with the imbedding mixture, a little water 
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IB then, poured on the glass to solidify the lover 
portion of the mixture, ami just when & thin crust 
is forming on the upper surface, the apace ia filled 
up with the mixture and the tiaaue placed in it 
The layer nest the glass ia by this time solid, and on 
this the tissue can he arranged with a warm, needle 
in any position required. 

An oblong box made out of not too thin paper may be 
uaed instead of the pieces of lead. 

The sections, iu this case, are best cut with a razor 
moistened with olive oiL The imbedding mixture 
must be dissolTed out, e.g. with creosote and turpen- 
tine; if it ia deaired to mount the sections in 
glycerine, they should be placed in absolute alcohol 
to remove the creosote aiid turpentine, they can then 
be mounted at once or after having been placed in 
more dilute spirit. 

Before cutting sections, cut away the imbedding sub- 
stance cloae around the tisaue. It is easier to cut 
thin sections when the surface to be cut is small 
than when it is large. 

In preparing the following mixtures, the oonstituent* 
should be placed in a capsule on a water-bath and 
kept at a temperature juat above melting point for 
an hour or more, the liquid being occasionally 
stirred. 

Paraffin A, 

Sohd paraffin 15 grras. 
Liquid paraffin 15 c.c. 
This is used to surround the cover-slip in observing 
the amceboid movements of white blood-corpuscles, 
on the warm stage. It begins to melt at about 
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37° 0., and thus serves 
limit of temperature that 
observation without injury. 

Paraffin B. 

Paraffin. 2 parts. 

Vaseline 1 part. 

This ia one of the best imbedding mixtures for general 

purposes, it can be made harder hj adding a little 




Spermaceti and Castor oil. 

Spermaceti 40 gnas. 
Castor oil 10 grms. 



Section cutting. 

In order to make thin sections it is absolutely necessary 
to have a sharp razor. It sometimes happens that a 
student 'who has resigned himself to the belief that 
he cannot cut thin sections finds no difficulty in 
doing so on buying a new razor. 
In carryiog on a class, where it is required to cut a 
considerable number of equally good sections, a 
microtome is almost indispensable ; perhaps the 
most useful for a Demonstrator's purpose ia the 
freezing microtome made by Swift, Optician, Totten- 
ham Court Koad, London. The one in which 
ice and salt is used, is recommended in preference 
to the one in which ether is used, since it is less 
liable to get out of order, and when once started 
will continue freezing for two to three and a half 
hours. Equal parts of ice and salt are taken, and 
pounded up together in a mortar, then packed 
tightly in the box of the microtome. 
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Tissues to be cut with the freezing microtome are soak- 
ed in gum ; if they have been kept in strong spirit, 
they should be placed for a short time in weak spirit, 
and for an hour or more in water, before being placed 
in the gum ; it is best to let them soak in the gum for 
a day ; but sections may be made, though probably 
less good, after a very short period of soaking; in 
this case the crystals of ice, which form, rapidly 
blunt the razor. 

The gum solution is prepared by dissolving gum arabio 
in warm water, and filtering through linen ; a rather 
thin solution may be used to soak the tissue in, 
a thicker one to surround the tissue on the micro- 
tome. Since gum alone freezes into a hard mass, 
a little sugar solution may with advantage be added 



The plate of the microtome, and the grooves in it, must 
be quite clean ; a layer of gum is then spread over 
it, care being taken that the gum tillq up the grooves. 
When, the tissue has become frozen on the plato of 
the microtome, the gum around it should be bevelled 
off so that the section to be cut is not much larger 
than the piece of tissue, 

A hollow ground razor should not be used, since it 
bends, and so makes a section, which, under the 
microscope will be found to consist of bands of 
unequal thickness. 

The proper rate to carry the razor through the tissue 
varies with the temperature of the frozen mass ; 
when it is a few degrees only below zero, the move- 
ment may be the quickest possible ; when it is froaeu 
hard, it should be carried slowly through the tissue, 
otherwise the sections are apt to curl or break up, 
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In cutting nat very large sections, a dozen or more 
sections may be cut in rapid succession; the sec- 
tions heap up on the razor, and may be removed 
to water with a camel-hair brush; three or more 
pieces of a well hardened tissue may thus be cut 
simultaneously. In cutting large sections, it ia best 
to place on the riuar a number of small drops 
of water and to cut slowly; tiie section folds up oa 
the razor. The razor (with the frame) should then be 
di|)ped under water and the section floated off; it 
should be taken out on a glass slide and treated 
on the slide with 30, 50, 75 p.c. alcohol, etc. ; care 
should be taken to remove as much as possible of 
the clearing agent, otherwise the Canada balsam in 
which the section is mounted may remain a long 
time fluid. Smaller sections should be treated 
the glass dish or watch glass-with the 
reagents. 

Sections of imbedded tissues may also be cut with the 
microtome, but as a rule this is more trouble than, 
and has no advantage over, the freezing method. 

Fresh tissues should be frozen as little as poifsible belt 
0°C., they are apt to shew crossing bands brought 
about by tJie crystallization of the water in them ; they 
should be transferred with a brush to salt solution. 
If it is required to stain them they should be 
transferred to 30 p.c. alcohol and treated with 
Spiller's purple, methylene blue or methyl- violet or 
removed from 30 p.c to stronger alcohol and stained 
with carmine, hiematoxylin, etc 

r two tissues only are to be cut, it is 
e a microtome with ether spray as tlie ■ 
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freedng agent ; Swift's ether freezing microtome 
may be used 



Staibikg, 

Hssmatozylin. 

, 1. Kleinenherg'a htemcUoxylin. Take crystallized cal- 
cium chloride, and add it in excess to 70 per cent, 
alcohol ; shake veil and let it stand. Draw off the 
saturated solution and add alum to excess, shake up 
and let stand for a day. Filter. 

2. To one volume of the filtrate from (1) add six to 
eight volumes of 70 p.c. aicohoL 

3. To the mixture thus obtained, add drop by drop k 
saturated solutiOQ of hsematoxyliii in absolute alco- 
hol, till it is a moderately dark purple. 

The Bolution will become considerably darker after 
some days. It is better to make it some weeks, 
or even months, before it is required for use. 

It may be diluted to any extent required with the 
mixture (2). If a section ia placed in htematoxylin 
for some time it must of course be covered up, or 
the spirit will evaporate, and the solution become 
concentrated. In many cases it ja well to staui 
a piece of tissue as a whole in bcematoxylin before 
imbedding, in this case the tissue should be left in 
the diluted fluid one to two days; a tolerably porous 
tissue naturally serves best for tbia method, A 
small piece only should be taken. 
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It is perhaps best to wash tissues or sectionB stained 
with hsematoxylin in the diluting fluid (2); they 
may however be washed with alcohol (best about 
70 p. c); if it is desired to stain more particularly 
the nuclei, the stained tissne may be placed for s 
short time in a mixture of 2 parts alcohol (70 p. ft) 
and 1 part 1 p. c. hydrochloric or nitric acid. H 

If a section, which it is wisbed to preserve, has been »_ 
stained too deeply, the colour may be partially 
extracted by placing the section in dilute acetic 
acid. If the sections are washed with water, 
distilled water must be used, otherwise alumina 
may be precipitated. 

The hjematoxylin after it has been used shoutd be put 
aside in a separate bottle, since after filtration it 
may be used again. If it has been mixed with acid, 
it will have a reddish tint and will ba useless; the 
acid may be neutralized with sodium carbonate, but 
the mixture rarely stains so well as the original 
solution. 
6. Alum-htematoxj/Un. To a -3 to "5 p.o. solution of 
alum, add a few drops of a saturated solution of 
hsematoxylin in absolute alcohoL 

e. Alum-logwood. Place in a. mortar 5 to 10 gnus, of 
alum, 5 grma. extract of logwood, and 100 ftc of 
water, grind weU, leave for a day and filter. 
To both {b) and {c) a little thymol or salicylic acid 
should be added, both should be filtered before being 
used J these solutions stain well the nuclei of sections 
of most tissues, but they cannot be satisfactorily 
used for staining pieces of tissue before sections are 
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Carmine. (Frcy'a method.) 
a. CarnuDe 0*3 grm. 

Glycerine 30-0 „ 

Alcohol 4-0 „ 

Bistilled water 30-0 „ 
Aiitmonia q. e. 

Adrl tlie distilled water to the carmine, and then add 
dilute ammonia drop by drop until the t 
dissolved, taking care that the least possible 
is added. If the solution smells strongly of n 
expose it in a flat vessel to the sunlight for a day 
or two. Finally add the glycerine and alcohol, and 
fihake. It should be kept in a stoppered bottle, 
since otherwise the ammonia evaporates and the 
carmiae is precipitated. 

It may be diluted with water to any extent required. 
In the atrong solution tissues hardened in chromic 
acid or chromium salt^ may be left for days or weeks 
without being over-stained. 

Ab a rule sections stain better with carmine when they 
are left in a dilute solution for 13 to 24 hours. 

In another gltiss, under the same bell-jar as the sections, 
a little dilute solution of ammonium carbonate may 
be placed. 

If sections are too deeply stained with carmine, or if 
there is a precipitate of carmine upon them, they 
should be placed in veri/ dilute ammonia and gently 
moved about in it; as soon as the excess of car- 
mine is removed, thoy should be poured into a large 
quantity of water and all truce of ammonia washed 
away. 




Host preparations stamed with carmiae are best 
served in glycerine containing 1 p. c. formic 
M6 8p. Gr. 

Ficrocarmmate of Ammonia or Ficrocarmine. 

Prepare a saturated solution of picric acid, and to it 
add a saturated ammoiiiacal solution of carmine till 
a precipitate occurs. Evaponite in a water-bath till 
tbe volume is reduced by four-fifths. Filter, and 
evaporate the filtrate to dryness. A crystalline 
mass of picrocarmiue is thus obtained. It dissolves 
readily in distilled water; a 1 to 5 p. c. Hotution 
should be made, and further diluted as occasion 
requires. 

If the picrocarmine ia found to stain sections 
jrellow, a little Prey's carmine may be added to it 
and ibe mixtui-e filtered. 

Most of the yellow colour may however be rem( 
from tissues stained with picrocarmine by repeated. 
■washing with water or alcohol. 

Picrocarmine after being used may be filtered and used 
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Borax carmine. 

Borax 4 parts 
Carmine 2 '5 „ 
WaLer 100 „ 

Warm until the carmine is dissolved, being careful i 
to let the mixture boil. When the fluid is cold, i 
an equal volume of 70 p. c. alcohol and filter. 



The proportions of borax and carmine given here are 
not very important; lees carmine and more borax 
may be used. Tlie fluid may be used without the 
addition of alcohol, or glycerine may also be added 
to it; further the proci|)itate from the alcohol may 
also be dissolved in water and used. 

Borax carmine ia principally used when it ia desired 
to Hta,in nuclei deeply ; the staining is usually im- 
proved by placing the sections for a few minutes in 
a mixture of 2 parts alcohol and 1 part hydruchloric 
acid 1 p c. 



Spiller's purple and Methylene bine. 

These are used in a strong aqueous solution so that in 
a minute or two the sections are sufficiently stained, 
they are then washed with water, and mounted in 
water; if the staining ia too deep, the ^ection3 are 
placed for a short time in alcohol ; the sections 
cannot be mounted satiatactonly in glycerine, since 
the glycerine dissolves the colouring matter and 
renders the staining diflfuse. To preserve the aeo- 
tiona permanently they should be over-stained, theu 
passed rapidly through 30, 60 and 70 p. c. alcohol; 
they should then be washed with strong spirit 
(which dissolves the colouring matter very rapidly) 
until nearly the proper tint is obtained, transferred 
to absolute alcohol, and in a minute or two to cedar 
wood oil ; whan they have become transparent, they 
are mounted in Canada balsam. Cedar wood oil 
instead of clove oil is used to clear the sections, since 
it does not dissolve the colouring matter; water 



mnst be entirely removed Irom the sections by 
lute alcohol 



Dissolve 2 grras. of ioillde of potassium in 100 c.c, 
distilled water, and add lldkes of iodide to e 



The method of using this for ordinary cases is Rut&- 
ciently described in the Text, Less, iv, § 3 ; Less. 
XXIV. A, § 4, The tissue should be touched with 
metal as little as possible, it may be removed from 
one £uid to another with a small brush, 
weather it is well to place the acidulated water wii 
the tissue in a glass chamber kept at 20 — 30° C. 




The following methods are advantage 



1 parti 



Place the piece of tissue, which should be small, 
rather strong formic acid (1 vol formic acid 1'16 
Sp. Gr, and 3 or 4 vols, water) for a few minutes 
uutil it is fairly transparent throughout, then place 
it for about 20 minutes in 1 p. c. gold chloride, wash 
it well with water; then place it in formic acid 
diluted with three vols, water and leave it in the 
dark for a day. The formic acid should be renewed 
once or twice in the first two or three hours. After 
the tissue has been placed in gold chloride it should 
be exposed to light aa little as possible. When the 
tissue is stained it should be well washed with water, 
and mounted in formic glycerine. (Lowit.) 



cold^^ 
witb^^H 

I, in^^ 
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Filter fresh lemon-jaice through flannel and p1a<^ 
the tifBue in the fl!trate for about 5 minutes before 
placing it in gold chloride. After treatment with 
gold chloride, wash the tissue well with water and 
expose to light in the ordinary way i& acidulated 
water, or place in formic acid in the dark as in (a). 
(Ranvier.) 

The tissue after treatment with gold chloride is 
washed and placed in distilled water for 6 to 30 
hours until it is of a steel-grey colour ; it is removed 
to a saturated solution of tartaric acid for about 10 
miiiutes and then warmed in the solution up to 
40°^ — 50° C. until it becomes dark ; tliis generally 
takes about ten minutes (Klein). If it is desired to 
stain the tissue more quickly, it may be left in the 
gold chloride solution for about three-quarters of an 
hour, then well washed and ab once treated with 
tartaric acid as above. 



For the method of using this cp. Less. xii. A, § 2, C, g 4, 
and Less, xviii. C, g 1. It serves mainly to trace out 
flat t«SBelated epithelium, Euch as that of arteries, 
Teins, or lymphatics. By exposure to light, the silver 
is reduced ; in a fresh tissue that has been placed in 
nitrate of silver, the reduction on exposure takes place 
more readily in the homogeneous substance betveea 
the cells or ' cement substance ' than in the celts. 

As a consequence, where there is a single layer of cells, 
with a small amount of cement between them, the 
reduced silver in this substaace marks very distinctly 
the outline of the cells. 



The success of silver preparations largely depends upon 
not dragging the tissue, on washing it well, and on 
exposing it to a bright light The reduction of the 
silver may be hastened by placing it in dilute alcohol ^ 
instead of in water. 

The reduction of silver goes on though slowly in 

other parts of the tissue, so that it becomes darter 1 
and darker, until it ia useless ; this is rendered less | 
rapid by mounting. 



MODNTINQ. 

The fluids ii 



which tissues are mounted seirfl to niak«'1 
transparent and to preserve them. 



Glycerine. 

It is best to allow sections to soak i 

5^10 minutes before mounting so that the glycerinA^ 
may thoroughly penetrate them. 

Some unstained tissues are made too transparent by 
strong glycerine, these should be mounted ii 
cerine dilated with one or two vols, of water, 

Many gold chloride and most carmine-stained specimetia J 
are best mounted in glycerine containing 1 p. o, (rf.J 
formic acid 1 ■! 6 Sp. Gr. {formic glycerine). 

8ome hardened tissues, stained or unstained, may withf 
advantage be kept in giycerine instead of in alcohol ; \ 
before sections are made the glycerine must bo 
extracted from the tissue with water or alcohol. 



Creosote and Tnrpentine. 

Add 1 |>art of creosote to 4 of turpentine, shake well J 
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and set aside until the cloudiness whieli forma on 
ing the fluids disappears. 
Sections may be transferred to this from strong spirit, 
they may however have to be gently warmed to 
render them clear throughout, Before mounting in 
Canada balsam, the sections should be examined 
under a low power in creosote and turpentine to see 
that the clearing process is complete ; if they are 
not, fresh creosote and turpentine should be added 
and the sections warmed in it. Cp. also p. 75, foot- 

I mounting the sections in Canada balsam as 

much of the clearing fluid as possible should be 

1 by means of a piece of blotting-paper with 



Canada Balsam. 

Put some Canada balsam into a capsule, and place it in 
the warm chamber at about 65° C. for twenty-four 
hours to drive off all water. I^et it cool and dissolve 
it in a sufficient quantity of chloroform or benzole to 
make a fairly fluid solution ; it should be kept in 
a bottle with a ground glass cap fitting over the 
neck of the bottle, instead of a stopper, as the 
stopper ia apt to become fised in the bottle ; if any 
balsam is allowed to get on the neck of the bottle 
wet it with spirit and rub it off with a cloth. 
Dammar may be used instead of Canada balsam. 

Canada balsam renders tissues much more transparent 
than glycerine. 

Tissues stained in carmine or any watery solution 
should be placed in alcohol of increasing strengths 




up to 95 p.o. or absolute and then cleared previously ^ 
to being mounted in Canada balsam. 

Injection mass. I 

a. Make a 2 p.c. aqueous solution of Berlin blue (thia 
may bo bought at a chemist's); it may be injected 
either cold or warm. The tissues after injection 
Bhould be placed in alcohol. The sections should be 
cleared, and mounted in Canada balsam ; if the blue 
bas become a lighter colour during the etay of the 
tisaiie in alcohol, the sections should be placed for 
a day in turpentine in an uncovered watch-glasB 
or bell-jar. Injections made with this solution are 
rarely so good aa those mode with the following 
(6) if). 

h. Place 20 grmB. of gelatine in cold water until it L 

well swollen, then pour off the water, and place the ] 

gelatine in a water-bath at about 40° 0. (covering it I 

up to prevent evaporation) until it forma a fluid I 

Hub 8 grma. of carmine into a paste with water, add 
about 10 grms. of strong ammonia and miv well, 
then add about 100 c.c. of water, shake well and ' 
filter; if a auction-pump is not used it will probably 
take 10 to 20 hours to filter. Warm the filtrate to i 
about 40° C. Pour it then slowly into the gelatine 
kept warm over a water-hath, stirring continuously ; 
when the fluids are well mixed, add gradually strong 
acetic acid, stirring as before; when the smell of 
ammonia becomes faint, use acetic acid diluted 
5 to 10 times, adding it until the mixture smells of 
acetio acid. The mixture previously a lake red J 
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i dissolved) will became an opaque carmine 
red (carmine in Buspenaion). Add a few drops of 
ttymol, remove from the water-bath and let coolj j 
if it does not smell of acetic acid when again melted, 
a little more of the acid should be added. 
The gelatine mixtures must of course be injected warm; 
the blood should be washed out of the organ to be 
injected with warm salt solution; during the in- 
jection warm salt solution should be poured over the 
orgaQ or the whole animal should be immereed in 
warm salt solution. The injected tissue should be 
placed in alcohol. 

c. Prepare gelatine as in (fi). Tate 100 ca of a 2 p.c. ] 

solution of Berlin blue warmed to 40" 0. and pour it I 
slowly into the gelatine kept warm on a water-bath, 
stirring continuously. 

Chemical Reagents. 
Millon's reagent. 

Weigh out 50 grras. of purified mercury and an equal 
weight of pure strong nitric acid. Place the mercury ] 
in a fiask in the closed chamber, add the nitric acid < 
to it, and leave the mixture as long as any chemical 
action continues. If all the mercury is not dissolved 
warm it gently to complete the solution. 

Add Uien to it twice its volume of water, and plac 
aside for some hours ; a white crystalline precipitate 
will fall j the supernatant Buid is Millon's reagent. 

\ Fehling'e fluid. 

(1) Dissolve 103'92gi-am8 of pure cnpric sulphate in , 
Q water and add water to make up exactly a i' 



(2) Dissolve 320 grams of the doublo tartrate of sodium 
and potasMiuni in warm water, add a little carbolic 
acid to prevent the growth of fungi, fill up with 
water to exactly a litre and filter. 

(3) Dissolve 150 grams of caustic sodium hydrate 
water dilute to a litre with water. If the fluid 
cloudy, filter through asbestos, or let stand 
decant the clear fluid. 

From the above, Fehling's fluid should be made at 
time it ia required for use. It will not keep, 
make it, equal quantities of (1), (2) and (3) 
mixed together. The ciipric sulpliate should ba 
shaken up and a given quantity, say 100 
accurately measured, to thisj 100 c.o. of (3) is added, 
and then (3) to make up the volume to exactly 
300 c.c. From 10 c.o. of this mixture, the cupns 
salt is reduced by '05 gram of dextrose. 

Stokes' fluid. 

This should be made afresli when required ; it oonsiBta 
of a solution of ferrous sulphate, to which a 
has been added after the previous addition olM 
sufficient tartaric acid to prevent precipitatioi 
An excess of tartaric acid la not of consequence d 
roughly speaking, three parts by weight may 1 
added to two parts of ferrous sulphate. 

Majok Abteimal Scsbue. 

This (see Fig. 8) is a modification of "Weber'a 

scheme of the circulation, It is not intended i 
imitate the details of the circulation of the blood, 1 
but simply to illustrate the points to which attention J 
is called in Lesson xiil It can without mucliJ 



1 
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difficulty be made by joining togetlier india-ruljLer 
tubing by means of three-way glass tubes. 
Clampa are placed upon the straight tubes c, a', c", 
aud the dilated tubes along the same line are stufied 
■with sponge, until on closing the clamps and pump- 
ing steadily, a, mean pressure of two or three inches 
of mercury is obtained in the, arterial tube. 




Fio. 8. 



The arterial tube P is connected with an india-rubber 
bag ; from the opposite end of which a tube passes 
to a vessel full of water. The bag has two valves, 
one at each end, opening in the same direction, 
GO that when it is compressed with the hand the 
water it contains is driven onwards through the 
arterial tube, and on its dilating water is drawn 
up from the vessel 
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Any othar form of pump can be usecl. 

At S., S.', SJ are placed vertically above one another 
either the usual sphygniograph levers or light levers 
B\ich as are used to take tracings of the movements 
of the frog's heart {cp. p. 349). The tubing caa 
be supported on pieces of lead bent to fit its course , 
and fastened to a stand. Ea«h of the tubes A and i 
V communicates with a mercurial manometer. 

Tlie rest of the scheme requires no explanation further 1 
than that which is given in the text. 



MiNOK Akterial Scheme. 

This consists of an india-rubber bag like that used ii 
the major arterial scheme. By means of a three-way ] 
tube, the end of this, towards which the valves open, 
is connected both with a piece of glass tubing about 
a yard and a half in length, and with a piece c ' 
india-rubber tubing of similar length and bore. 

Tliere are clamps upon the long india-rubber tube cloaft I 
to its junction with the three-way tube and upoa.1 
the small piece of india-rubber which connects thai 
three-way tube with the glass tube, so that the floir I 
of water may be through either the glass or thai 
india-rubber tube. 

A small piece of india-rubber tubing is also placed on 1 
the end of the glass tube, into which a tube finely I 



To DESTROY THE BrAIN OF A FrOQ. 

Place the frog under a small bell-jar with a sponga I 
moistened with ether; when the animal is motion- J 



less and under the influence o£ the anieathetic, take 
it up in a cloth, hold the hind legs between the 
third and fourth fingers, and with the fore-finger 
press down the head. Cut transversely through the 
ekin a little behind the skull with a pair of scissors, 
carrying the incision only a short way on either side 
of the median line; make a slight incision also 
through the akin in the median line. The end of 
the occipital bone can tliea be easily made out; it is 
just above the level of the anterior edges of the 
Bcapule& With a sharp scalpel cut through the 
muscles just behind the occipital bone and as nearly 
as possible in the median line, so as not to cut the 
vertebral arteries; the spinal cord will be exposed. 
Thrust then a blunt stout needle into the brain and 
move it about until the brain is quite destroyed. 

The following lough table may be uaeful to the student. 
= 1 cabio daciaietre = ljpmtfl nearlj. 
= 059 cubio ceutimetceB. 
= 0'57 litres. 
=4-54 lltiea. 

= A pint. 

= 6-46 sq. centimetres. 
= IS-89 oubio ceutiDietrea. 
=16-4B graina. 
=85-27 OK. AT0ird. = 2-21b» 
= 0065Krani, 

=31'lgram. 



\ 



=3-05 dedmetrel, 

=0-fll metre. 

= ^njillimelro about. 
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I Platelets of Blood. (BlntpUttchen.) The platelets 

are colourless bodies about ^ the size of the red 
corpuscles ; in shape fairly like the red corpuscles, 
and nucleated when the i-ed corpuscles are nucleated. 
They very readily break down into formless granular 
masses. In the frog or newt they are readily seen 
m the capillary circulation of the mesentery or 
other part of the animaL During inflammation (cp. 
p. 133) they will be seen clinging in numbers to the 
inner walls of the small vessels. They may also be 
Been in a drop of blood if it is examined immediately 
after being drawn from the body ; certain fluids 
retard the rate of disintegration of these corpuscles, 
the corpuscles are longer preserved if a little blood 
be allowed to run from the body into 3 to 5 times 
its volume of one of tiic following; sodium chloride 
■fi p.o. with a little metliyl- violet (about 3 c.c. sodium 
chloride solution and one drop of a strong aqueous 
solution of methyl- violet); 20 p.o. magne«iiua guI- 
phate; 1 p.c. osmic acid. 

Hariiesino agents . 

Kercuric chloride, A saturated aqueous solution is a 

good general hardening agent for glands and epi- 

tlielium of skin and cornea. The tissue is left in 

the mercuric chloride solution for Bevera! days, 
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placed in a stream of water for some hours to r 
move the mei-curic salt, and further 
alcohol. As the mercuric salt is soluble in alcohol, 1 
the tissue may be removed from mercuric chloride 
to alcohol. In this case, however, the alcohol should 
be renewed several times. 

Plemming's mixture is used chiefly to harder 
in which it is desired to make dividing i 
obvious, and consists of 

Chromic acid 1 p,C. — 15 parts. 

Osmic acid 2 p.c • — 4 parts. 

Glacial acetic acid — ^ to 1 part. 
la this the tissue should be left two or three days, I 
■washed with water, and treated in the usual wayj 
■with alcohol. 

Ihbbddinb, Section Ci'ttihg, Moustiso. 

When a number of sections have to he prepared for 
distribution amongst students, the freezing method 
given in the Appendix is only satisfactory ■with 
tissues that are firm and hold well together. Other 
tissues should be either imbedded in ceUoidin, ovi 
imbedded in hard paraffin with a view to preparing! 
ribbons of sections. 

Paraffin. Bibbons of Sectiona. 

Imbedding and euttinff. The piece of hardened e 
stained tissue is placed in absolute alcohol for I to< J 
21 hours. Prom this it is removed to either chlonK | 
form, turpentine, or oil of cloves. It is then p 
in hard paraffin (melting-point about 58° C), kept ft 
a constant temperature, not greater than 60° 0., 
t'wo or more hours, and imbedded in the mannerl 



given on p. 36 

until the surfa 
paraffin at the i 
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16, § 4. The paraffin is sliced away 
e is very nearly reached, then the 
ides of the tissues is sliced away in 
that the surface to be cut is rect- 
angular. The shaped end of the paraffin block is 
dipped for a moment in melted soft paraffin, ie. 
paraffin melting at about 40° C, The block ia fised 
in a microtome, and arranged so that the edge ■which. 
meets the razor is parallel to the edge of the razor, 
the soft paraffin may be cut away from the two 
sides of the block which are at right angles to the 
ra£or edge. The soft paraffin causes each section as 
it is cut to stick to the preceding one, and thus a 
ribbon of sections is obtained. Of the less expensive 
forms of microtome adapted for cutting ribbons of 
sections the most convenient ia the Rocking Micro- 
tome of the Cambridge Scientific Instrument Com- 
pany. In this a short tube ia tilled with hard 
paraffin, and the base of tlie block of paraffin con- 
taining the tissue to be cut ia sliced away within & 
few millimetres of the tissue, this is held down on 
the paraffin mass of the microtome tube and a hot 
knife passed between the two surfaces and around 
the junction of the block with the paraffin mass. 
Thus the tissue to be cut is firmly fixed when the 
paraffin solidifies. It is best to do this before coat- 
ing with soft paraffin. 

Mounting. Take a thin solution of white shellac in 
kreosote and paint a. thin film of it over a clean 
dry glass shde. On this place the section or flec- 
tions it is desired to mount, press each gently with 
a camel hair brush to make it lie flat. Place the 
slide in a warm chamber until the paraffin is melted ; 
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remove then the slide to bottle of turpentii 
few minutes until the paraffin is dissolyed. Let 
turpentine drain from the slide. Flace a streak of 
rather thin balsam (dissolved in a mixture of chloro- 
form and benzol) near one edge of the cover-sUp, 
and lower this gently on the sections. By thia 
method the tissue sticks to the shellac and the parts 
of the section are not displaced on dissolving out 
the parafEii. 
Inateiid of the eliellac solution, equal parts of filtered white of 
egg luid gljceriee to nbicli a little Ih^taol hsa been added, 
maj be used. Tbe treatnieot ia the Bame aa that given above, 
except that after tbe paraOiD has been disaolved b; turpentine, 
the slide should be placed for a minute or so in absolute 
alcohol. If le^uiced the geutions can then be staincil on the 

Gelloidin. 

Iinbedding in celloidin has the advantage that it 
not necessary to warm tlie tissue, and thus there ia 
little risk of the tissue shrinking. By the simple 
celloidin method, however, such thin sections can- 
not be obtained as by the paraffin method. But 
when the tissue imbedded in celloidin is soaked in 
guna, frozen and cut, this objection to the method 
no longer holds. 

Celloidin solution. The celloidin solution i 

into small pieces and dissolved in a mixture of eqin 
parts of absolute alcohol and ether to make a fi 
fluid solution. It is sometimes advisable to u 
thicker solution after this. 

Treatment of liisue. (a) The tissue, dehydrated v 
absolute alcohol — after which it may be placed ii 
mixture of absolute alcohol and ether c 
alone^is placed in celloidin solution and left in I 
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for one day to a. week or more. (S) Whilst the 
tissue is in absolute alcohol \ vol. ether is added, 
and tben celloidin in smaU fragments from day to 
day, so that solution elowly goes on and a fairly 
thick solution is obtained in 8 to 10 days. 
Celloidin hardened in 80 p.e. alcohol The tissue ia 
removed from the celloiiiin solution, placed on a 
cork and a little of the solution poured over it; 
■when a thin film haa formed on the surface of the 
celloidin the whole is put in alcohol 80 p. c. In a 
day or more the tissue can be cut. During cutting, 
the razor should be kept wet with 70 to 80 p. c. 
alcohol. Instead of fixing the tissue to cork it may 
be placed in a small paper case, celloidin poured 
L over it and treated as above. When the outer part 
is firm the paper should be removed. 

I Celloidin hardened in chloroform. Chlorofortn IS USed 
instead of the 80 p.c. alcohol of the previoua section ; 
or a little celloidin solution is gently poured on chlo- 
roform, when the lower surface is firm the tissue 
is placed on the celloidin and more of the solution 
poured over it. The ceiloidin shrinks much less 
and remains more transparent with chloroform than 
with alcohol. 

[ Celloidin hardened hy evaporation. The tissue is re- 
moved from celloidin solution to a small watch glasa 
with a thin layer of celloidin over it, the small watch 
glasa covered with a larger one for two or three hours 
till the celloidin is fairly firm, it is then coated with 
fresh celloidin, allowed to dry partially, and so on 
until (in 1 to 3 days) a sufEcient coating of firm 
celloidin is obtained. Or the tissue with celloidin 
may be poured into a small glass dish, this covered 
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with a flat piece of glass, allowing of a slow evapora- 1 
tioii of the alcohol and ether, so that the celloidiu 
becomes fairly hard in two or three days, 

Freparation for freezing. The celloidin around the 
specimen, imbedded in one of the above ways, ia j 
pared away and the block placed iu wat«r for a 
hour or two, then transferred to gum for one or tw 
days or for auy longer time. The block can then be I 
frozen and cut. Thinner sections can thus be oV | 
tained than from celloidin alona 

Staining sections. The sections still permeated by I 
ceUoidin may be stained with carmine or with hrama- 
toxylin. Most aniline dyes stain the celloidin also. 
If required, the celloidin may be dissolved out by 
absolute alcohol, or by a mixture of absolute alcohol 
and ether. 

Mounting. The celloidin need not be dissolved beforol 
mounting. If sections are to be mounted in Canada 
balsam and other substances which render it neces- 
sary to dehydrate the tissue, this should be done 
with 90 to 95 p.c, alcohol and origanum or bergamot ■ 
oil, instead of with absolute alcohol and clove oil, 
since the latter dissolve the celloidin. Clove oil does \ 
not however dissolve the celloidin very rapidly, i 
that, if the sections are large, clove oil may be used; 
in this case the sections should be removed and 
mounted as soon as they are clear. 
Mounting in glycerine-jelly. 

The glycerine jelly may be made as follows : 
Glycerine 70 c.c. 
Water 60 c.c. 
Gelatine 10 grama. 
A little thymol or camphor, or carbolic acid. 
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Place the gelfttine with the water in a porcelain cap- 
sule, heat the mixture ia a small water-bath over a 
Bunsen burner, until the gelatine is dissolved, stirring 
the while and taking care that the gelatine does not 
stick to the capsule. The water should not be 
allowed to boil, or at any rate for a short time 
only. To the hot solution add the glycerine and a 
drop or two of a strong alcoholic solution of thymoL 
I£ necessary cool the mixture to about 40° C, add 
the beaten up white of an egg and well mix. Then 
heat as before to about 90° 0. stirring continuously. 
Filter through a hot water filter. 

The gelatine mOij bs left for a day in the coM water to snell np, 
tlien dlBsolved' by warming to about 40" C. The glycerine, 
warmeil to about the same teinpeiaturo, ia added. Then 
pioceed aa above. 

To mount a section in glycerine- jelly, place a small 
bottle containing glycerine-jelly in a wai-m chamber. 

, Hemove the section from water to a slide, sop up 
the excess of water, aud let fall on it a drop of the 
melted glycerine-jelly. Place the slide and a cover- 
ni chamber for a minute or two, if the 









s to the top of the fluid press it down 



needle so that it lies ( 



r with the w 






the glas 



Then 



If a warm chamber is not at hand melt the glycerine- 
jelly in the flame of a Bunsen burner, warm a slide 
in the flame and place a drop of the melted jelly on 
it. With a needle transfer a section to the jelly, 
and spread it out flat on the glass. Pass a cover- 
slip through the flame, and cover the section. 

Before surrounding with Canada balsam or other 
cement the specimen should be examined with a 
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high power to see that the layer of jelly is not too 
thick. If it is, warm the specimen and gently press 
the cover-alip, let cool, scrap away the pressed out 
jelly, and surround the edges of the cover-slip with 
cement. 

Uoonting in Warrant's Bolution. 

Pure gum arable 40 grama, 

Water 40 Co. 

Glycerine 20 c.c. 

A little thymol or other preseryativa 
Tho mixture may be made thus; — Take lumps of gum 
arabic which are nearly free from colour, weigh 
out 40 grams, grind to powder, place in aboilt 
150 CO. water, warm or boil to dissolve. Add a 
few drops of a strong alcoholic solution of thymoL ' 
Filter through a Lot tilter, changing the filter whea I 
clogged. Evapora,te the filtrate until it is about 1 
80 c.c, then add the glycerine. The mixture is beat 1 
kept in a bottle with a glass cap. 
When mounting in this, let a section soak for a minul 
in glycerine, then in a drop of Farrant's solution c 
the slide. Before cementing, the Bolution should be 1 
allowed to become firm at the edges. 

Staining, 

After treatment with oemic acid. When it is re- ] 

quired to harden a tissue in osmjo acid and after- I 
wards to stain it, the tissue should be left for half- f 
an-honr to two hours only in the acid ; then washed 
well with water and kept iu alcohol for a few days, 

Kitrate of silver preparations. The reduction of I 

silver in these may be greatly retarded by placing j 
them for a. few minutes in a 2 to 10 p.c solution of I 
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BodiuTD bj'poEulptute, after the required degree of 
reduction has taken place. The sodium hyposulphite 
must be thorouglily washed out with water. 

Delafield's haamatoxyliQ. 

Make (1) A saturated Bolution of hfematoxylin in 
absolute alcohol. 
(2) A saturated solution of ammonia alum in 
the cold. 
Add i CO. of (1) to 150 c.c. of (2), leave for a week, 
niter, to the filtrate add 25 c.c. glycerine and 25 c.c. 
of methyl-alcohol. 
This is often called Grenacher's hematoxylin. It stains 
nuclei well and quickly. To dilute it add some of 
the mixture minus the hematoxylin. 

Staining for indirect nnclear division. The tissue 

should bo hardened in Flemming's mixture (cp. p. 
388). The sections are placed in a strong alcoholic 
solution of safranin, e.g. a saturated solution of 
Bafranin in absolute alcohol diluted with an equal 
quantity of water, and left for a day. They are 
treated with dilute alcohol and then placed in abso- 
lute alcohol containing -3 to '5 p.c. hydroclilorio 
aoid. In this fluid they are left until colour ceases 
or nearly ceases to be extracted from them. It is 
best to examine a section from time to time, when 
in such a section the cell-aubatance is decolourized 
the i-emaining sections should be removed (twice) to 
absolute alcohol free from acid. They are then placed 
in clove oil, and as soon as they become transparent 
mounted in Canada balsam. Sections may also be 
stained with Delafield's Lsematoxylin. 
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To observe the typical changes in indirect nuclear" 
division, a larval salamander 2 to 3 i 
hardened in Fleraming's mixture, itiay be c 
ently taken, divided into two or three pieces, and I 
then cut longitudinally. 

Staining meduUated fibres in grey substance. 1 
Wejgert's method. 



(1) Mordant solution. An aqueous solution of normal J 

oupric acetate saturated in the cold, and add att ] 
equal volume of water. 

(2) Staining aolutioru Dissolve 1 gram of hstma-l 

toxylin in 10 c.c. of absolute alcohol, add 90 o.o. I 
of water and 1 c.c. of a cold saturated oqaeoiul 
solution of lithium carbonate (or st 
bonate), 

(3) Deaolouriavng solution. Dissolve 2^ grams o 

potassium ferricyanida and 2 grams of borai 
in 200c.c. of water. 

Sections are placed in the cupnc acetate in tlie warm 
for a day, washed in water, and transferred to hsemsf 
toxylin for two hours to a day. The sections, now 
quite black, are washed with water and placed in the 
potassium ferricyanida solution for a few minutes to 
two hours, until the grey substance becomes of a 
light tint ; if tlie decolourization is rapid, it is better 
to dilute with water the ferricyanide solution; tbi 
sections are then well washed with water, treated 
with alcohol, and mounted in Canada balsam. 

Another method of deeolouming is given by Fa! ; the ai 
after having been etained, are nashed nith water cont 
a little lithium carbonate, placed in '25 p. c, potaBsium per- 
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e for 15 to 20 Eecs., washed with wutor, pla,ced for 
[1 fen saconda to a few minuti'B in a, mixture of 

1 giam poie omlio acid 

1 giam potassium sulpliite 

200 0.0. water, 

and again washed well with water. The parts of the tiasaa 
other than mediillaled thtea are thus more completely de- 
colaurized than by Wuigcrt's method. Ths sections maj 
finally be stained with aluiD- carmine. 

Solutions for Liebig^'s metliod of estimatii^ urea. 

(a) Standard mercuric nitrate golittion. Take 71-48 
grams of pure mercury, add 5 vols, nitric acid Sp, 
Or. 1 '425, and warm on water-bath until the mercury 
ia completely dissolved ; evaporate the solution to 
a syrupy consistence, until the addition of a few 
drops of nitric no longer causes red nitrous fumea 
to come off, evaporato further until the fluid acquires 
a faint yellowish tinge. Stir and add about 10 vols, 
of water; if a precipitate is formed let stand, pour 
the clear fluid into a litre flask, to the residue add 
the minimal quantity of strong nitric acid necessary 
to dissolve the precipitate, add this to the fluid in 
the flask, wash the vessel out with water, add this 
to the previous fluid and fill up to exactly a litre. 

One c. c. of tliis solution precipitatfls lOmgs. of urea 
and leaves just enough mercuric mtrate over to be 
detected by sodium carbonate. 

The method given above can only be used when, the 
mercury ia pure, if there is any doubt about this, the 
mercuric nitrate solution diluted to somewhat less 
than a litre should be titrated with a solution of pure 
urea and then further diluted to the proper amount. 

(6) Baryta tnixture. Add two volumes of barium 
nitrate, saturated in the cold, to one volume of 
barium, hydrate, also saturated in the cold. 
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A stUldard urea solution for titrating the mercuric 
nitrate solutiou may be made by drying urea over 
aulphuric acid, weighing out i grama and adding 
■water to make up 200 ac. 10 c.e. of this juat 
give the end-reaction with 20 c.c. of standard mer- 
curic nitrate Bolution. This however ia only the 
case when the mercuric nitrate solution is neiil> 
ralized by sodium carbonate immediately after 
being added to the urea eolution. As this point is 
neglected in the method given in the test, it may 
be neglected in preparing the standard solution. 

Liebig's method. 

Take 40 c.c. of urine and add SOo.o. of the baryta^) 

mixture a copious precipitate of barium phoaphat^! 
sulphate, carbonate will be formed. Shake to mix 
weU the fluids and filter through a dry filter. The 
object of this ia to remove the phosphates, these give 
a precipitate with mercuric nitrate. 

Fill a burette with the standard solution of mercurisfl 
nitrate. On a glass plate lying on a dull black surface I 
place a number of drops of a saturated solution c 
normal sodium carbonate, 

J'reliminary estimalion. In a beaker place exactly^ 
IScc. of the filtered urine -mixture, into this rua 
slowly the mercuric nitrate solution from the burette. J 
Stir with a glass rod, and from time to time, add t 
drop of the mixture to one of the drops of sodiunifS 
carbonate; as soon as a yellow colour is tlius produced,.} 
note the amount of mercuric nitrate which has been ] 
added. The yellow colour is produced when all the 
urea has been precipitated and there ia an excess of 
mercurio nitrate ; this with sodium carbonate gives a 
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yellow precipitate of o^de of mercury or 
mercuric carbonate, 

Second eetimation. In the preliminary estimation too I 
much njercuric nitrate will probably liave beeo added ; 
Eo the process should be repeated, adding at once the ] 
amount of mercuric solution found in the prelim 
estimation leas 1 c-c. After weU mixing, a drop ia I 
added to a drop of sodium carbonate ; if a yeliow I 
colour results, the process muat be repeated adding 1 
less mercuric nitrate ; probably however the mixed I 
drops will be colourlpss, if so add 'Ice mercuric | 
nitrate, mix and test agabi, and BO on addi 
e, time until a yellow colour is obtained. 

Correction. Since the sodium chloride in the urino 
prevents the precipitation of urea by mercuric nitrate 
(cf. § 5 e) more mercuric nitrate ia added to the urine 
than is required to precipitate the urea in it, Tba 
excess thna added ia found experimentally to be about 
2 C.C for 10 cc. of urine. Hence 2 c.C. must be deducted 
/rom Oie number if cc. of the etandard solution actually 



If « be the corrected number of o.c, of mercuric nitrat 
need, the lOca of urine taken, contain 'Olu grama 
urea, i.e, the percentage of urea in the urine ia the Oit 

Note. The method as above given is very rough. For 
an accurate eatimatioo, the sodium chloride aa well aa 
the phosphates must be separated from the urine, the 
filtered mixture must be neutralized, and again neu- 
tralized with sodium carbonate after each addition of 
mercuric nitrate. It rauat also be remembered that 
the amount of urea found by this method is too high, 
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since ammouiacal salts, and all the nitn^enons bodies 
in the urine give a precipitate with mercnrio nitrate. 



Hjpobromlte method <^ estimating urea. (C£ 

p. 242). 

St/pohromite solution. Dissolve 100 grama of 
sodium hydrate in 250 cc irater, cool, and add 
gradually 2oc.c. of bromine, cooling the mixture 
in a stream of water as the bromine is added. The 




Isodium hydrate solution should be kept ready, and 
■'bromine added just before the mixture ia required. 
It is convenient to have thin glass capsules, eaf;h 
containing 2'3c.c. of bromine, if one of these he 
placed in 25 c.c. of the hypobromite mixture 
broken by a sharp shake, the proper amount of 
hypobromite solution for a single observation is 
obtained. 

Method of using Gerrar^s apparatus. In this, as 
in many other forms of apparatus, the collecting 
, tube is graduated so as to show percentages of urea 
■Irhen 5 cc of a urea solution are taken. 
F^Raise the tube (a) to about the height shown in 
3 figure, pour vfater into it until the tube (6) is 
filled with water to the zero mark. Pour 25 c.c. of 
hypobromite solution into the bottle (c), measure 
from a burette 5 c.c. of urine into the tube (d). 
With the aid of a forceps, place the tube (d) in the 
bottle, being careful not to spill any of the urine. 
Fit the cork, with the tube attached to it, tightly 
iuto the bottle, and clamp the tube (e). Fill up 
and gently shake the bottle so that the urine and 
(he hypobromite solution inis. Place the bottle 
in a basin ot water. Lower (o) until the level of 
the water in it is the same as that in (b). Leave 
for about five minutes, re-adjust the level of the 
water in the two tubes, and note how much 
nitrogen has been given ofiF. 

An estimation of urea should also be made, using 
two burettes instead of the tubes (a) and (6). 
The volume of nitrogen evolved is measured iu 
L. 26 
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cubic centimetres, and from this the percentage 
urea is calculated in the maimer given below. 
Deficit of Nitrogen. The chief causes of variation 
in the amount of nitrogen giveu off, have been 
mentioned in the text. Hiifner, Pfiiiger and 
Schenk find with the apparatus used by them, and 
with a 1 p.c. solution of urea, that the deficit of 
nitrogen is very nearly 4^4 p.c, i.e. 1 gram of urea 
instead of giving off 373 vols, of nitrogen gives off 
357. I 

Hussell and West using a 2 p.c solution of urea. 
find with their apparatus a deficit of nearly 8 p.c., 
i.e. 1 gram of urea, instead of giving off 373 vols, 
of nitrogen gives off about 343 vols. When the 
volume of the gas is measured at a temperature 
of IS'C., no correction being made for the tension 
of the aqueous vapour, the deficit of 8 p.c, is nearly 
corrected by the expansion of the gas, so thai; 
according to Russell and West, in making 
approximate estimate of urea with their apparatus, 
no account need be taken of a deficit of nitrogen, 
nor any correction be made for temperature and 
pressure. 

Correction for temperature and pressure. J£v' he the] 
volume in cubic centimetres of the nitrogen obtaii 
at temperature 1° C. and pressure B in mm. of mi 
cury, and Tbe the tension of aqueous vapour at t°' 

the volume v at 0°C. and 760 mra. pressure will 
v' B~T 

1+ 003665 i^ 760 ' 

003665 being the coetiicient of expaneion of gaaf 
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Calculation of percentage of urea. Theoretically 
373 C.C. of nitrogen are given oflf by 1 gram of 
urea, if then v c.c. of nitrogen, after correction 
for temperature and pressure, are obtained in 
an experiment, this wiU have been given oflf by 

r=:^ grams of urea, that is there are ^^ grams of 

urea in the 5c.c. of urea solution taken, so that 

the percentage of urea in the solution is -^-^ . 

Bui since in practice the whole of the nitrogen is 
not given off, the deficit must be allowed for, if we 
take Hiifner's estimate of the deficit of the volume 
of the nitrogen, viz. 4*4 p.c., the percentage will be 
20 ty 
357* 

Sources of error in estimating urea in urine. Nitro- 
genous bodies other than urea are partially decom- 
posed. Further certain substances increase and 
others decrease the completeness of the decom- 
position*^ 
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AbdomiDBl aorta, S3 

Abdominal musalHs, of dog and 
rabbit, 1 

AbsoiptiOD of fat in bihbJI inles- 
tlne, 183 

Accommodation of tbe e^e, 375 

AceLio Bdd, effect on blood cor- 
pQSoles, 38, 39, 12 ; effect on 
eartilage eells, fi3 ; on elaatio 
ebces, 58 ; on nblte EbroaH 
tiseae, 69, 62; on Btiiated 
duBcle, 83 

Acid-albamin, 45, 101, 102, 173 

Adenoid tisEue, 179, 191 

Aitej-image, poaitiye, 385 ; nega- 
tiTe, 2H6, 287 

Albnmii], 61; in iniI3i, 175; in 
oiine, 241 

Alcohol, for disBDciating tiBEnes. 
35B ; for hardening tiaauee, 364 

AJkali-albnminate, 102, 103 

Alkalinity o! blood, 45 

Alum-lognood, 373 

Ampulla, 391 

Anterior noieH, 30 

Aorta, b beort of abeep, 136, 137 

Appendix of Ikrge intestine of 
rabbit, 3 

Aqaeons hamonr, 364 

Arterial scbeme, minor, 147 ; 
major, 148 

Arteriea, caeliaD, 4 ; snperioi me- 
senteric, 4 ; renal, 4 ; splenic, 
6: hepatic, 6. 7; lieno-gastrio, 
E 1 pancreatic, 6 ; oommoa 
carotid, 18, 20 ; innominate, 
30. 137; piilmonaiy, 31; fe- 
moral, 23, 91; coronaiy, UO; 




: ; middle cerebral, S13 ; 

anterior cerebral, 311 ; stino- 

ture of, 124 
Artec;, epitbelinm of, 12S ^ 

ArTtenoid cartilage, luatologj, 7QH 

disBection, 333 ^ 

Arytenoid mnscle, 333 ' 

Astigmatinn, 279 
Aoricnlar nerve of rabbit, 35 
Automatic action, 120 
Aiiol zone of blood ouTrent, 131 
Alia band, of mallens, 396 
Alia -cylinder, 106 
Azygos vein, in heart 

138 
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Basilar membrane, 2 



Bidder's ganglia, 145 

£ile, reootioD of, 184 ; effeot on 
gaetiio digeation, 187 ; capil- 
loiiea, 204; ductE, 206; -pig- 
ment, 341; -acids, 242 

Bile-aalte, preparation of, 165 

Biuret reaction, 239 

Bladder, 10; Htructnre of , 235 

Blind spot, 281 

Blood presHOre, 147 

Blood, Btractote of, 35 fl ; of frog 
or newt, 35; of man. 41; oo- 
Bgnlation of, 44 fl ; circniatiun 
of, 131, 134 ; oolouT of, 319 

Bone, 80; atmctoie of, 72; ex- 
traction of salts from. 359, 3el 

Boracio acid, effect on red ooipua- 
dee, 40 
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Brain, of dog or Bheep, diaBoction, 


Choroid, 264; pigment of, 273; 


308; method of hftrdonine, 


pleiUB, SOg, 316, 319 


308, 327 ; pftrtB Eeun in goo- 


Clu'omic aoid, staining after, S9: 


tioni, 321 


tor hardening, 3G1 


Bninner, glands of, I9X 


Ciliary action, 81, 122 ; moicle. 


Bulb, olfaclorj, 333 


264, 267 ; procBBaei, 265 


Bulbus arterioaaa, in heart of 


Ciliated cells, of frog, SO 


liog, HI, 143 


Circulation of blood (frog) in 




web, 131; in tougua. 154 i in 


C. 


meaentecy, 135 




Clarke, column of, 305 


GiLeciuu, 2 


Cochlea, promontory of, 295; 


Caeliac artery, 4 


Bttucture of, 299, 300 


CalaniUB aorlptoriiu, 313 


CommiBBure, ot spinal cord, 303; 


Calices, ot kidnej, 238 


Of brain, 330. 321 


Camera Inoida, 352 


Common iliao, 23 


Canada balsam, 379 


Condyloid foramen, 29 


Canaliculi, 73 


CoBJunotiTft, 263 
Connective tissue, 58; Bnb-onta- 
neons, 247 


Cardiao mnsclo, 88 


Carmine, 373; picro-, 371; borai-, 


Constant cnrrent, effeot oa nerve, 


374 


90,91 


Carotid arterj, common, 18, 20 ; 




Internal, 313 


Convolutions, of dog, supra-callo- 


Cartilage, hyaline, 62; coatal, 33, 


eal,324iin(emal, 324; Sylvian, 


64,55; of outtleflsh, 56; paren- 


324; interior, 324; median. 


chymatoufl, 56, 67 ; interverte- 


326 ; superior. 325 


bral, 68 ; fibro-, 70 ; elaatie, 71 ; 


Cornea, of frog, 61, 109, 260, 208; 


arytenoid, ot aheep, 70 


of oat, 251, 263, 264 


Casein, in milk, 175, 176 


Coma, anterior and posterior, 303 


Cedar wood oil, S7S 


Corona radiata, 323 


Central caaal, 302 


Coronary vein, in heart ot sheep. 
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lutea, 337 


die peduncle of, 311; atractnre 


Corpus, Arantii, 139; albicans. 


ot, 329 


3U; caUoBum, 315, 322; ge- 


Cerebral ttrteriea, posterior, 313 ; 








321; anterior and posterior, 


38,89,133; in blood of man. 




41, 42; connectiva-tisaae, 60; 




bone,74; Malpighian, 195,197; 


U; of dog, 12 


touch-, 262 


Cerebrum, ofdog or aheep. 309 




Cervical ganglion, interior, 20; 


312 


Boperior, 29 




Chemioal stimulation of mnsclo. 


327 ^H 


93 


Corti, rods of, 300 ^H 


OhideBterIn, 1B7 


Cover cells, 260 ^H 


Choi^ tympani fibres, 26, 27 


Cranial nerves. It; auperQcial ^^M 




origin, 314 ^H 
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CreoBOte, 378 

Crico-arjtBnoidfl, posterior and 

lateral, 331 
Cricoid cartilage, 333 
Crioo-thTToiil muBcla, 333 
Crista acastica, 393 
Ciuoial GEeiire, 3'2G 
Cmra ceiebii, illl 
Crural vein, 28 
CruBta of brum, 322 
CruBla petroaa, 77, 78 
CuiuuluB proljgenis, 338 



mids, itae 
Damiluce oella, 156 
Dental nerve, inferior, 28 
Dentate fissure, S19 
Dentine, 77, 78 
Depreasor nerve, 19, 21 
Dermis, 317 

Descemct, membrane of, 269 
Deitrin, 162 
Deitrose, 163 
Diapliragm, of dog and rabbit, 

7, 11 ; Btrncture of, 201, 203 
DifFusion circles, 276 
Digoatrio masole, 96, 37 
Diaseotion, of rabbit and dog, I 
DisBOciatiiig finida, 358 
Dorsal aorta, 4 
Dorso-lumbar fasda, 3 
DuodenuiQ, 3, 4, 9 
Dura mater, of dog, 11, 139, 309 
Dialfser, 165 



Elasticity of red ocrpnsolas, 40 
Electrodes, can-poIarUable, iJlS 
Enamel of teeth, 77, 78 
EpiderauB, 346 
Epididymis, 10, 841 
Epiglottis, 30 

Epithelial nerve plezua, S31 
Erlicki'B fluid, 361 
EuBtacbian tubs, 31, 39B 



Eustaohian valve, in 

sheep, 138 
Eve at sheep, disBectiau of, 368 

retina of, 264 



Facial nerve, 34 
Follopiau tube, 10 
Fall cerebri, 11 
FaBcicnluB, of OoU, BOS ; cnn 

305, 309 ; gracilis, 309 
Fat-oellfl, 65 
Fat-fermant of panoteatio 

190 
FehUng's fluid, 381 
Femoral artery. 23, 91 
feneatra ovalis, 398 
Fenestrated membrane of ar 



Fibtin fbrils, nnder micri 

41 

Fibrinogen, 48 
Fimbria, 316 
FisiureB of Bpinal cord, a 

and posterior, b02 ; (of brain d 

dog,) omoial, 325; " ■ ■ ^ 

321 ', dental c 

319 
Foramen, jugnlare, 19, 

coniljloid, 29 ; rotundum, 31 

of Monro, 318 
Foruii, 316; anterior I 

terior pillacB of, 317 
Fossa ovalJH, ia heart of s 

138 
Freezing microtome, 36B 
Fresh tissueB, methods of <l 

serving, 355 



Gall-bladder, 7 
Ganglion, spinal, 14, i 

cervical, 20; first thoracis, ) 

of the vugUB, 2; 




oervieal, 3S; GsBBeriBii, 32, 

112; cells, 111 
Gasaeriim ganglion, 32, 112 
Oastrio jnioe, artificial, 171 ; 

Mtion of, 172, 173 ; action of, 

on milk, 176 
Gastiio Teina, 6 
Genninsl epillieliaiii, 336 ; 

veBiclBB, 337 ; epot, 337 
OIbuJ, th^oid, 23; parotid. 21 ; 

Bubmaxillarf, 26 ; Uardetian, 

31 ; orbital, 31 ; lacbrjmal, 

31; intBBtinal. 179; of Liaber- 

kaliD. 179 ; of Brunnar, 181 ; 

seroaa and mocoua, 211; aaba- 

ceous. 219; pineal, 320 
GlobuUn, 51, 101 
Glomeruli, 231 

GloBSD- pharyngeal nerve, 29, 111 
Oljoarine, 378 
Glycogen, 203, 203 
Gmelin'B teat, for bile pigraenta, 

IBS. 211 
Gold cbloiide, to stain cartilaRe, 

63 ; to stain cornea, CI ; sub- 

ciitaueoDsconnectiretiaBue,C3; 

Bsptum amicnlarum, frog, 111 ; 

Imigof uewt, 211,376 
Goll, taar^icnlua of, 305 
Graafian folliclea, 336, 337 
Gum srabic for imfaeddiag, 369 



872 

Haemin, (iiyBtals of, 226 
Eaemoglobin, 10; to prepare, 

220, 331; orTatak of, 231; 

reduced, 224 
Bair-follides, 348; -oella of organ 

ofCorti, 239.300 
Hardening agents, method oE 

using, 350 ; to make solutions. 

360 
Harderian gland, 31 
Haversian canal, 72 
Heart, of frog, 120, 110 ; of slieep, 

136, 137 
HelmhoUz, photioscope of, 278 



Hepatio artery, 0, 7, 206 ; duct 

7 ; yeins, 8 ; cells, 20li 
Hippocampal fisaure, 319 
Hippocampus major. 316 
Hvaloid membrane. 265 
Hydropbilus, muaoleof, 84 
Hypoglossal nerve, 28, 29 

I. 



Inferior carvionl ganglion, dog, 23 

Inflammation, 133 

In fundi bul urn, 313 

Inhibition of heart by vagus, 113 . 

Injection mass, 380 

Inner capsule, 323 

Innominate artery, 20 ; in heart 

of sheep, 137 
Innominate veins, dog, 22 
Intennediate layer of elieep'B 

kidney, 228, 2U9 
InWrmedio-lateral tract of nerve 

cells in apinal cord, 305 
Intcmus obliquua abdominis, 2 
Interrupted current, efleot on 

Intercostal luosde, external, 15 ; 

internal, 16 
IntpBtinal glands, 179, 183 
Intestine, small, of dog and 

rabbit, 3 ; large, 3, 9; method 

of hardening, 33; atnicture of, 

178 
Intralobular Tcinlet, 205, 206, 

231 
Iodine, 876 

Iodized aerum, 3S7, 353 
Irradiation, 2S1 
Iria, 270 
Iter, 313 



Jacobaon'a nerve. 29 
Jejunnm, 3 
Jugular voiua. 13, 13 



L. 

LuchTjmal gland, 31 

Lnctio acid, 176 

lak; blood, 319 

Lamlmi fusca, 264 

Lamina spiralis, 29S 

Iioryngeal biancliea of Tagns, 18, 

20 
Laryns, disSMtion of, 331 
Lateral, cDlumns of spinal cord, 

B02; yentrlcle of brain, 316 
Lens of oi or sheep, 269 
Levatorea costarum, 15 
Lever for frog's heart, 349 
Liebig's metiiod of eatimating 

niea, 398 
Lieno-gHBtrio Teina, 5 ; arferj-. 6 
Lieberkiihn, glands of, 17'J 
Xiigamentum peotiuaLium irldis, 

26? 
Ligamentum nuchae, 68 
Limbio lobe, 324 
Linea alba, of dog and rabbit, 1 
Lingual nerrea, 26 
Liver, diBsaotion of , 7 ; i 

204 
LongiBBimaa dorai, IS 
Lnmbar fascia, 2 
Lung, striictnre of, 211 ; injection 

with Bilver nitrate, 216, 217 
Lymph-ehannelB, 193 
Lymph folliclea of intestine, 180 
Ljmph-heartH of frog, 120 
Lymph -EinuB, 191 
Lymphatio oapillaries, atructnra 

of. 300 
Lymphatie-glandB, Btruetm^ ot^ 

191; method of hardening, 192 




Mamm[iiy glandB, diBsectiou b 

rabbit, 1 
Masseter mcBole, 25 
Maxillary i 

superior, SI 
Maxwell's method of deteclil 

yellow spot, 284 
Measarement of miejosoople o 

jectB, 37, 854 
Meohanical stimoiation of u 

94 
Mlediastinnm, 16 
Medulla oblongata, 11, 309 
Medullary sheath of nerves, 106 ]fl 

-cords of lymphatic glands, 193JV 

■rays of kidney, 229 " 

MeduUated netve-fibrea, lOS 
Membrana granDlOBa, 337 
Membran e,maoouB(Siihtieide 

30; hyaloid, 265; ofDesoemet, 

269; inner limiting, 271; outer 

limiting. 273; tymponia, 295; 

basilar, 209; of Beissaer, 099 
Membranous semioirctilar eaiul, 

291 



Mallens, posterior ligament of, 
296; anterior Ugament of, 296; 
BiiB band of, 296 



Mesentery, of dog and rabbit, 8; 

nerves in, 109 
Methyleae blue, 376 
Micrometer, ocular, 361 
MicrosGope. magnifying powerof, J 

35, Sod; notes on nsa ol, 351, ] 

Miorotome, 366 389 

MiUun's reagent, 381 

Milk, fat globules in. 174; adk». 4 
Liuity of, 175 ; albumin in, 17S; J 
caseiQ in, 175, 176; fermenU- 3 
lion of, 176 ' 

Mitral valve, 140 

Modiolus, 298 

Moist chamber, 348 

Molecular layers, retina, 273 

Monro, foramen of, 318 

Morse key, 315 




Moantiufj, 37H, in glycerine, S6; 
method for thin ineinbrane, 59; 
in Canada bolaajn, 66 



.._._ ), 179 
HiicouB coat of Htonucli, 163, 211 
Mucous mombrane, atomiiciL of 

rabbit, 9 
MuUer, fibres of. 372 
MuUer'8 iiiid, 31i2 
Mureiida test, for nrio acid, 240 
MuecIq, pectoral, 14; external 
intercostal, IS; internal inter- 
costal, 16 ; roaBseter, 25 ; digas- 
tric, 2(5, 2T; nijlohyDid,2G.27; 
Btructore of, 82, Bi, 86 ; reaction 
of, 98, ay; ciliary, 264; tensor 
tympani, 29T; stapedios, 298; 
aryteuoid, 3it4 
Muscular coat of stomach, 168 
Mnecalar contraction, in frog, 94, 

es 



N. 
Nasal bones of rabbit, 30 
Negative after-image, 286 
Nerve fibres, method of barden- 
ioR, 34; medutlated, 105; non- 
medullated, 108 
Nerve-mascle preparation, 95 
Nerve as system. Splanclmie nerve, 
i, 6, 31 ; pneamogastric nerves, 
6. 18,27,29,143; cranial, 11; 
optio nerve, of rabbit, 12; of 
Bbeep, 284; fourth and fifth 
I]er'ni,12-, ninUi, tenth, eleventh 
and twelfth, 13; phrenic nerve, 
IT, 19; aympathetio, IS; superi- 
or cardiac, 18; oruri^, S3; facial, 
24; sciatic, 24, 91, 96;auricular, 
ol rabbit, 25; Ungual. 26; pha- 
t^ngi^al. 27 ; hypoglossal, 28, 
39 ; inferior maxillary, 28 ; in- 
feriordental,28; glossopharyn- 
geal, 39,143; spinal BccesBory, 
~" ' ■ I'a, 29; olfactory, 



30; ophthalmic, 31; BnpBrior 
inaxiUary, 31; trigemiuoJ, ""- 
superficial origin of, 314 
Nodes of Ranvier, 106, 107 
Normal fluids, 52, 35fl 
Nuclear layers, retina, 273 
Nucleus, of cells (hyaline oarti. 
lage), 52, 53; of primiti I esheath^ 
107 ; of capsule of nerve cells, 
111; of capillaries, 128; of ad-' 
ventitia. 128 ; of salivary glands, 
158. 159; of alveolar cells of 
lung, 212 ; caudatus, 
leuticularis, 323 



rior ^^H 

sat ^H 



OhliqnuB eitemus abdominis. 

Oleic acid, action of bile on, ] 
effect on pancreatic digest 
189 

Oesophagua, of dog and rabbit, 3, 
7; structure of, 170, 171 

Olfactory, lobes, 11, 324; nerves, 
30; mucous membrane, struc- 
ture oE, 3572i bulb, 323; tract, 
324 

Olivary bodies, inferior, 311 

Omentum, 3 

Optic, fibres, layer of, 272; traoti, 
312; cbiasma, 312; thalamus, 
319 

Optio nerve of rabbit, 12 

Oca serrata, 2lia 

Orbital gland, 31; lobe, 83 

Oscilkting rod, 349 

Oamic acid, for dissociating tib I 
sues, 358; general directioni I 
for nse, 363 ' 

Ossification, 75 

Osteohlasta, 76, 77 

Osleoolaats, 76 

Ovary, dissection, 10; histology, | 



Pacinian bodies. 252 
Pancreas, dissection, 3 
logy, 159, 160 



I 



INDEX. ^^^^^1 




Primary nerve-pleina, 850 ^^H 


veins, 6; jaioa. artifidal, 1S8 


Primitive sheath, 105 ^^H 


Papilla foliaU, of rabbit, 32; 


Processus giacilia of malleiig, 396 ^^^H 






PapUlae, otekin.S-lT 


49: in saliva, IGl ^^H 


Parotid gland, 24 ; duct of, 25 


Ftyalin, to prepare eitract of, ^^^M 


ParaglobnliD, 48 


105; destruction of by add, ^^^H 


ParoTariam. 339 


^^H 


Paraffin, 367, 368 


Pulmonary arteries and veins, 21, ^^^H 


Peotoml maBdle, 14 


137 ^^1 


Pelvis of Bheep's kidney, 22S 


Pulse waves, progressioiL of, 161 ^^^1 


Pepsin, prapojation o!, 171 ; de- 


Piirkinje's fiijurus, 283 ^^^1 


struction of by acid, 173 


Pyloric glands, 170 ^^M 


Peptone, cbaractera of, 17'4 




pLTfi>roled space, posterior, 311 




Pericardium, 17 


^H 


Periehondriiim, 64 




Qnantitative estimation of urea, ^^^| 


131 
Peri ton enm, 3 


hypobiomite method. 242, 400 ^^H 


^H 




1B5, 212 




Peyor-g patches, 8, 180, 191 


Rami communicantes, 21 ^^M 


Pharyngeal nerve, 27 


Banvier, nodes of, 106, 107 ^^H 


Phreaie nerve, 17, 19 




Fia mater, 11, 129,801, 308 


Eectum, 3, 7 ^^^H 


Picric acid, 3liS 


Bed coTpusdea, method of ooont- ^^^1 


Pigmenl-cellB, of frog's web, 6S ; 


^^H 


of retina, 271 


Keflex action, 116 ^^^1 


Pigment of choroid, 273 


Bea, island of, 32g ^^M 


Pineal gland, 320; peduncles of. 


Beissner'B membraoe, 299 ^^^1 




Benal, artery, 4i vein, 5 ^^^^^ 


Pituitary body, 313 


Bennet- ferment, 176 ^^^H 


Plasma of blood, 45, 46 


BcBtifoim body, B09 ^^H 


Plafmaine. 47 


B«te testis, 341 ^^M 


Platyama, 18 


Betina, dissection of, 264; histo- ^^M 


Pleura. 16, 17 


logy of, 271 ^^1 


Pneumogaetrio tmnks, 20 ; 


Bignr mortis, 99 ^^^H 


nerves, 5, 18, 22, 23. 27, 2H, 


Bima glottidls, 331 ^^H 


142; snperiorlaiTngealbranch 


Bod cells of olfactory mncom ^^H 


of, 18 ; pharyngeiil btttnclv of, 


membrane, 2S7; of taste-buds, ^^^M 


27 


^^H 


Pons Yaiolii, 811 


Boots of spinal neivea, IS ^^^M 


PorUl vein, 5, 7 






^H 




rabbit, 13, 302 ; columns, 302 






2U2 ^^H 




Saline isolation, normal, 3G7 ^^H 


SCO 


^^H 




Salivaiy glands, Btructure of, mu- 

coas. 155; Becona, 158 
Bartorius muHcle, rabbit, 33 
Scalenas mediuB, 16; — anticus, 

15; —poBtionH, IE 
Soheiner'fl eiperiroeut, 378 
SchDeiderian membiaQe, 80 
Soiatic nerve, 24, 91 
Sebaceous gland, 2W 
Section cntting, 368 
Bemiciicular canalx of ear, 290 3 
Septum anriDulamm, in heart of 
sheep, 138; in heart of frog, 
115; atcDctore of in frog, Hi 
Beptnm lucLdom, 317, 323 
Serratua anticus, major, 11; 
minor, 15 ; aanatuB poeticaB, 15 
Saram, iodiaed, 357, 358 
Sigmoid gyrus, 325 
Silver nitrate, 12S, 130, 19T, 217, 

377 
Skin, histology, 24G 
Smell, 261 
Solar plesufl, 4, 5 
SolntionB, preparation of, 3G0 
Spectram of haDmoglobiu, 222 
Sparmaoeti and castor oil, 3G8 
gpeimatozoa, 341 
Sphincter pupUlae, 271 
Sphygmograph, 150 
Bpiller's purple, to stain red cor- 
puaclea with, 39; to stain con- 
nectira-tisHue oeUs, 60, 375 
Spinal accessory nerve, 29 
Spinal cord, 114, 301; stnioture 
of, 110; method of hardening, 
301 
Spinal ganglion, dissection of, 11 ; 

Btructm-6 of, 110 

Spiral proeess of nerve celLa, 145 

Splanchnic nerves, 5, 21 

Spleen, dissection, 3; hiatologv, 

191, 195 : method of hardenins, 

196; method of injeeling, 197; 

Malpighian oorpasales of, 197, 

Splenio artary, 6; palp, 1B5, 196 
Stapedioa muscle, 2S8 
Stapes, 2'J7, 293 
Starch mucilage, preparation of. 



EX. 41li 

Stemo-otaido-mastoid maiele, 1 
Btemo-hyoid mnacla, 31 
Stemo-mastoid mnscls, 18 
Sterna-thyroid muscle, 23 
Stokes' fluid, 382, 383 
Stomach, of dog and rabbit, 2, 8; 
method of hardening, S3; 
of, 167, 168 



StTlo-mastoid foramen, 25 
Subclavian veins, 19, 20 
Sub-epithalial nerve plexus, 2E1 
Sublingual gland, 26; — duct, 2B, J 



Substantia gelatinosa, 303 

Substantia nigra, 323 

Sugar, quantitative estimation in I 

urine, 213 ' 

Superior mesenteric artery, 4 
Superior vena oava, dog, 22 
Suprarenal body, 4 
Svpeat-glands, 250 
Sylvins, aqueduct of, 818; flBBorS , 

of, 321 
Sympathetic ganglia, dissection 

of, 20, 21, 28; structure of, 113 
Sympathetic nerva in naok of dog, 

22, 23, 28; in rabbit, 18, 30, 



Teaaing, B57 

Teeth, structure of, 77 

Tegmentum, 322 

Temperature, sensation of, 25< 

Tendon, 62 

Tensor tympani muscle, 207 

Tentoriom, 11 

Testis, 10, 340 

TotanuB, 97 

Thalamus, oplic, fll9 



^^^^^1 


Thorado duct of dog, 17 


YeiDE, renal, 4; portal, 5; lieno ^^^^H 


ITioracio ganglion. 20 




Thrmofl, 19 


tsl, 5; gastrio and pancreatic. ^^^| 


Tl^arytenoid moBde, 334, 335 


6; external jugoiar, 19; sub- ^^^1 


Thjro-hyoid mueole, 23 


davian, 19, 20; pnlmoDary, 31, ^^^1 


Thyroid, gland, 23; cartilage, 332 


13T; innominate, 23; femoral, ^^^1 


Tima marker. 350 


23; Btruoture of, 127; azjgoa ^^H 


Touch, 251 


in heart of aheep, 138; coro- ^^M 


Touch .corpiisolcB, 252 


nary, 138; interlobular, 234 ^^H 


Tcachea, histology of, 213 


Velum inlerpositum, 31S ^^^H 




Vena cava, inferior, 4, 19, 131, ^^^H 


Trioufipid valve, las 


137, ll:i; Buperior, 19, 121, 137, ^^H 




142 ^^1 


Trommer'B teat, 162, 163 


Tenlride, fourth, 309, 310; late- ^^H 




ral, 316; fifth, 317; third, 319; ^^H 




330 ^H 


Tnnica olbngiuea, 310 


Vertebral artery, 30, 313 ^^M 


Tunica vaginalin, 10; propria, 310 




Turpentine, 37S 


Villi, 9; structure of, ITS, 181 ^^^1 




Vision, region ot distinct, 283; ^^^1 




region of normal colour, 285 ^^^^t 


U. 


Visual judgments, 289 ^^^^| 


Vitreous humour. 369 ^^H 


Uncinate lobe, 324 




Unafciated muade, stmoture of. 




86,87 




Urea, 237; orjatals of, 337; ni- 




trate of. 237; oxalate of, 337 


Willis, drde of, 314 ^H 


Ureter, duaection, 3; histology. 






^H 


Urio acid, 240 


Urinary bladder, 10 


XantboproteiQ reaction, 49, 50, ^^H 


Urine, acid in, 337; alkaline fer- 


^^H 


msntalion in, 237; macua in. 




2S7;aLbumiain, 211; sugar in, 


^^1 


241 


yellow spot, 381 ^^1 


Utarufl, 10, 340 




Utriculua, 291 




Uvea, 270 


^^1 




Zeiss, camera-la cida ot 853, S53 ^^^| 


T. 


Zinn, zone of, 266 ^^H 




Valsalva, ainnaas of, 130 




Vfls deferens, 10, 313 


' ^^M 


Vaaa eUerentia, 311, 31^ 


J 



ADDrriONS TO INDEX. 



Blood corpuscles, white, of frog, 
method of obtaining, 43 

CeUoidin, 890 

Farrant's solution, 394 
Flemming's mixture, 388 

Glycerine jelly, 892 

Hsematoxylin, Delafield's, 305 

Imbedding in paraffin, 888 

Mercuric chloride, 887 

Mounting ribbons of sections, 389 

Nerve-fibres, staining by Weigert's 
method, 396 



Nitrate of silver, treatment of 

preparations, 394 
Nuclear division, methods of 

staining for, 896 

Osmic acid, staining after, 804 

Platelets of blood, 887 

Bibbons of sections, 388 

Sympathetic ganglia, dissection 
of 23, 113 ; isolation of cells, 
112, 115 

Yienssens, annulus of, 23 

Weigert's method of staining 
nerve-fibres, 396 
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